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Abstract

This article proposes a novel approach towards quick concept generation and
validation of interactive-product behaviours. When designing for user-product
interactions, designers have to consider spatial and behavioural elements besides
form /tangible aspects and perform quick-validation of the generated concepts
often done through functional prototyping at later design stages. As a result, the
designed-outcomes often depend on parameters like designer’s familiarity with the
design tools used, the level of fidelity achieved while prototyping and the
frequency of design-iterations, limiting a thorough-exploration of concept-space
and outcomes’ creativity at the early design stages. This research targets such
dependencies and non-creative hindrances at concept generation stage through a
Mixed Reality implementation. This work establishes requirements for creating a
suitable design-tool and presents a proof-of-concept use-case. A design task to
ideate, create and revise concepts of playful product-behaviours swiftly was
performed to assess the impact of the implemented method. In an empirical study,
a broader exploration of solution-space and an overall improvement in creative
output-flow was observed when compared to the design-outcomes in the
traditional storyboard design approach. Though the implemented design-tool’s
unfamiliarity and capability presented a challenge, a significant increase in usage

of iterative concept-design behaviour was observed throughout the study.
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mixed reality prototyping



1 Introduction

Designing for interaction in products gives it a livelier ‘personality’, as it performs better
in terms of affordance, usability, and inclusion in a user’s daily life. Product-personality
is the striking-characteristics that users use to relate to a given product, and it impacts
their interactions with the product (Mugge et al., 2009; Govers et al., 2003), making it a
desirable design-trait for interactive-product design. Researchers have shown methods to
create product-interactions having behavioural characteristics by varying perceived
product attributes (Mugge et al., 2009; Desmet et al., 2008); however, its early-stage or
fuzzy front end (FFE) implementations present different challenges. As many designers
collaborate with developers for creating relatable characteristics, they face difficulty in
communicating the concept-idea that include interactions (Myers et al., 2008). The
ambiguous nature of concept-ideas makes the process non-intuitive and demands high
emotional engagement from the people involved, increasing the complexity at FFE.
Also, precise-implementation of abstract ideas into experience-able solutions is difficult
and may result in the exclusion of ideas having high potential during concept
generation(Toh and Miller, 2015; Rietzschel et al., 2010).

To address such issues, designers make use of suitable design tools depending on
design-requirements and their expertise. For example, traditional tools like sketching are
used for easy-conveying of the usage-scenarios (Rahimian and Ibrahim, 2011).
Mood-boards, pictorials (Govers et al., 2003) and experience cards (Maclachlan and
Wood, 2013) have been used for designing interactive-product behaviours, whereas
quick-prototyping (Nacsa et al., 2011; Takala, 2005) is used to validate the experience of
conceptual product-interactions (Camere et al., 2015; Rieuf et al., 2017). At a given
design stage, the attributes of design tools used may boost or restrict creative activities
in the design process (Yi-Luen Do, 2005; English et al., 2010; Kurtoglu et al., 2009).
Sketching, one of the prominent methods implemented at FFE, provides flexibility and
encourages quick-intuitive creation of ideas that can be revisited at later design stages

(Gross and Do, 1996; Shih et al., 2017) but has limits to experiencing the



described-interactions and leaves everything to designer’s visualisation capability. In
recent research works, digital-prototyping methods like immersive mixed-media
environments (Bordegoni and Ferrise, 2013; Maurya et al., 2019; Rieuf et al., 2017) have
been implemented to simulate multivariate product-behaviours that elicit user’s sensory
experiences. Though these tools are convenient for early concept evaluations, they
require technical updates for creating interaction-concepts. To utilise such tools on a
universal basis at FFE, designers need to have command on design-skills alongside
digital-prototyping-skills to materialise their abstract ideas. Absence of which might
hamper the creativity in the design process due to a surplus of technical details,
requiring more effort and time to be productive, as seen in the case of novice designers
(Sadler et al., 2015).

Hence, with the increased complexity and abstractness at FFE for creating
interactive-product behaviours, the use of appropriate design tools becomes essential for
allowing unhindered designer’s activity and enhance their cognitive capability (Shih
et al., 2017; Lépez-Mesa and Thompson, 2006). This work explores the requirements of
providing a suitable design environment at concept development stages for
interactive-product designs. It presents a mixed-reality based interaction-design
environment targeted towards quick concept generation, iterations and validation

through experience.

2 Early phase behavioural design and workflow

2.1 Define: Interactions in product design

Interactive-behaviour emerges from dynamic interaction among users, objects, and
tasks, and is represented through five dimensions of interactions - words, visual
representation, physical object or space, time and behaviour (Silver, 2007). In the
design process, different interaction-sequences are possible to achieve a specific
interaction-outcome making the definition of the designed-interaction as a significant

step. Dubberly et al. (2009) summarised different perspectives of defining interactions as
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Figure 1: Designing for product behaviour: players in interaction

the Design Theory (DV) view, the Human-Computer Interaction view (HV), and the
Systems Theory view (SV). The DV view focuses on framing the relationship between
people and objects designed for them, hence framing the activity of design. HCI view is
based on the feedback loop, as information flows from a system through a person and
back to the system, more like user-intention—user-action— system-input
—rsystem-output —user-interpretation loop. The SV view emphasises on the dynamic
nature of interactions wherein precise way that ‘input affects output’ can itself change,
unlike hyperlink-interactions in web-pages where interaction-output is predefined.

In this research, we focus on the combined view of DV and HV, as interaction is
designed by defining relationship among the players - the person, the objects and the
surrounding (see Figure 1). Here, we can create interactions that include - product and
user, product and environment(surrounding), or among all of them. Based on the
usage-scenarios the role of players may become as initiator, trigger-er, or receiver, where
the initiator starts the interaction, trigger-er moves the interaction from one form to
another, and receiver experiences the effect of the interaction in the form of static or

dynamic behaviours.

2.2 Design: Concept generation for interactive behaviours

Creating concepts for interactive-product behaviours requires a step-wise definition of
how product (or general object) behaviours can be defined or documented. (Maurya
et al., 2019) et al. showed a mind-map for various object-behaviours as observed in our

daily life consisting attributes like biological (reproduction, growth, emotions etc.),



Table 1: Some product features as used in Experience Map (Camere et al., 2015)

Properties Product features

Tactile softness, roughness, flexibility etc.

Intrinsic  Olfactory perfumed, pervasiveness, intensity etc.

Shaping  modularity, organic, textured etc.

Visual contrast, intensity, colourfulness etc

Visual change in colour/opaqueness, shape change

Euxtrinsic Haptic vibration, elasticity, strength

Auditory loudness, sharpness, roughness

physical (appearance, materials, sound/smell etc.), and force feedbacks (magnetic,
pressure, attract/repel etc.). These attributes are rearrange-able based on design target
- like the mode of sensory-perception: wvision, touch, hear, smell and taste; or product’s
instantaneous state of existence: change in physical dimensions, appearance and
functionality. For including such attributes in the design process, Camere and Bordegoni
(2014) proposed ‘Experience Map’ tool based on the experience-driven multi-sensory
design approach. The Experience Map is a tool to visually connect the designer’s vision
(based on qualitative methods like mood-boards and keywords) with a quantitative
evaluation of sensory features. It categorises experiences into - extrinsic category that
are related to human-product interaction and intrinsic category that are related to
physicality - which were further divided based on static/dynamic attributes, as shown in

Table 1.

2.3 Develop: prototyping the concept-interactions

Gerber and Carroll (2012) showed that generation and rapid-visualisation of several
ideas through low-fidelity prototyping enabled designers to redefine failure as an
opportunity for learning/improvement and promoted creative behaviour. Here,
prototype-fidelity is defined as how close it is to the look and feels of the final product,
and can be categorised into — low-level fidelity types (e.g. sketching, mock-ups), and

high-level fidelity types (3D printing, Arduino)(Maurya et al., 2019). Medium types like



(Lego Mindstorms, VR/AR) are also increasingly used. When multiple prototyping
methods are used together, the fidelity in the resulting process may vary depending on
the way they are used, making it difficult to estimate its complexity or required-time at
early stages. By adapting the fidelity to interactive-product behaviours need,
creative-flow in designing and experiencing can be achieved /improved.

Researches have discussed selection criteria of prototyping techniques for interaction
design as interaction-type, level of feedback, budget, time and flexibility in design
(Filippi and Barattin, 2012). For their suitability to design targets, researches have
identified aspects like explore-ability, iterate-ability, dynamicity and functionality
(Bjoerkli, 2015). In this work we based our selection criteria on the levels of prerequisite
requirements, design capability, target application,and resulting experience.
Learning-time and technical-skills for designers is an important pre-requisite of using the
tool. Ability to represent the form and function of the concept ideas are basic
capabilities expected from the design methods. From the interaction point of view, the
level of sensory elicitation from the designed solutions is a key factor in deciding the
type of method to be used. Based on these criteria, an appropriate combination of
different prototypes would be an ideal approach for creating and experiencing
interactive-product behaviours quickly. Based on the presented discussion and previous
studies (Maurya et al., 2019; Bjoerkli, 2015), Figure 2 maps suitability with different
prototyping features. Here, an ideal prototype is shown to require low learning-time and
technical-skill, have high capability to represent form and function, has high applicability

for quick conceptual and functional prototyping, and generates quality experience.

2.4 Research Hypothesis

Designers need to experience the designed product behaviours themselves, instead of
just observing a demonstration (Buchenau et al., 2000) at FFE. Their ability to work in
parallel on multiple design-concepts without fixating (on selective solutions) is one of
the fundamentals to generate creative outcomes (Lawson, 1993; Hewett, 2005), as it can

increase the exploration of design-space for creative concept generation. For this work,
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Figure 2: Suitability of prototyping techniques for creating interactions in products

we formulate the following hypothesis:
Experiencing interactions while designing may enhance the richness of the concept

development stage by expanding explored design space, enhancing the designer’s

creativity and design-outcomes.
A mix of a VR (providing flexibility) and tangible objects (providing live feedbacks),
would support the creation and experience of form and functions of product’s concept,

setting the premise for specialised use in multi-sensory product design methods at FFE.

3 Implementing interaction through MR: design method

and tool

3.1 Implementation: the basic principles

Implementing multi-sensory interactions in the design process is often done through

prototyping kits that consist of simple modules like sensors and actuators having both



visual and tactile components. These modules can be connected physically and can be
(algorithmic-ly) programmed to simulate designed interactive behaviours having
complexities ranging from low to advanced (see Arduino (2020)). Together with VR
based implemented scenarios such kits provide enhanced immersion with the relatively
realistic engagement of senses. However, the virtual scenario’s ability to effectively
simulate a variety of interactions depends on the hardware capability of components like
output/input interfaces as well as the degree of control users have over the scenario. For
creating an interactive-behaviour in the MR environment, we focus on the parameters

explained below.

3.1.1 Engagement through MR

In the real world, users act on the real product directly, and in the VR, they act on the
virtual product indirectly through interfaces that in turn elicits user’s senses. When the
real object and its virtual representation are synchronised together, it reflects actions
and changes happening on each other as if it were real-life interactions, enhancing users’
presence and perception in the MR environment. The multi-sensory MR interactions
can be rendered through dedicated VR interfaces (models) that collect user actions both
in the real world and in VR. These VR-based mixed implementations can allow for
quicker verification and optimisation of the multi-sensory experience perceived by users
during the interaction (Ferrise et al., 2017). This work follows a modular approach (see
Figure 3) for two-way user-action/perception based interactions for Visual, Auditory

and Haptic models', that allows both perception and control for the user.

3.1.2 Designing interactive-product behaviour

Prototyping interaction requires defining its components and their inter-relations in a
step-wise manner. An example of a simple user-object interaction is shown in the Figure
4. Tt shows changes in the State of the device based on the Triggers/Actions of the user.

To prototype this interaction-sequence, the designers can specify each State and each

1Qlfactory, and Taste models have not implemented due to specialised hardware requirements
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Figure 3: Multi-sensory MR design environment
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Figure 4: Interaction terminology: Events and Event-sequences
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Figure 5: Implementability of basic product-behaviours in VR-TUI domain; (right) sam-
ple interaction-element catalog - red:States, blue: Actions

Action, achieved through interaction prototyping kits and a bit of code. Based on this
pattern, we derive the framework for creating interactions. However, it is difficult to
implement the framework in this format, as complexity arises if the design target is
subjective from users’ perspective, e.g. creating ‘a happy object’. To create
interaction-steps, designers may draw inspiration from ‘happy people/pets’, giving a
similar personality to the object. For example, the designed behaviour can be: user
comes close to the object — objects moves in a circle and shakes itself (like a pet wags
its tail). For implementation, the interaction-steps can be defined as — user movement
(Action)—object detects Action—object moves close (linear movement)—object
revolves about a point (State)—object shakes (State). Here each Action/State element
can be represented as individual modules or interaction-elements that can be
rearranged /modified to suit different interaction-sequences for the same goal.

Quicker /straightforward implementations should improve the experience of iteration in

interaction designs.

3.1.3 Modules for creating interaction: the interaction-elements catalog

Based on the user-product behaviour categorisations in recent researches (Camere et al.,
2015; Maurya et al., 2019) and we selected a set of basic interaction-elements that cover

a spectrum of product behaviours. The selection criteria targeted their ability as
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building-blocks that can be appended to each other for creating different
interaction-sequences, as done in modular prototyping (ex. LegoMindstorms). Further
their implement-ability through VR prototyping (design engines like Unity 3D) and TUI
prototyping (kits like Arduino/ Particle photon) methods on a scale complez-simple was
checked. Here, simple indicates the availability of dedicated hardware/software for its
implementation, like ‘Arduino piezo-electric sensor’ for implementing ‘touch’ (Physical)
interactions and ‘position vectors’ in Unity3D for implementing ‘linear motion’ in VR.
complex refers to a lack of dedicated options/feature and requires specialised tools or
advanced programming logic, like implementing ‘aroma’. A non-exhaustive set of
interaction-elements are shown in Figure 5 placed with respect to their applicability in
physical and wvirtual environments. Based on this, we selected the basic
interaction-elements that had simpler implementation in either of TUI or VR and

created a catalog of interaction-elements for use in the MR environment.

3.2 Implementation: the MR System

3.2.1 System Components

The MR tool is an assembly of software and hardware (Figure 6) components, and is
comprised of - VR Scenario and MR control parts (Figure 8). Head Mounted Display
(HMD - Oculus Rift DK2) with head tracking sensor is used for visualising virtual
scenario, and Leap Motion (ver. Orion 3.2.1) controller along with TUIs is used for
augmented hand-interaction within the virtual environment (VE). The virtual scenario
is designed in Unity3D (v2017.3.0f3) game engine. Figure 7 show the links and flow in

the MR system.

VR scenario: A table-chair based VE was created, where the top of the table
represents the work-space where the user interacts with the TUI (virtual object). There
are two display screen in front - display1:digital-catalog and display2:current sequence.

When users look? at the digital-catalog screen in the front, the element in focus animates

2a pink dot in HMD represents the centre of view by default, for user’s reference
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showing sample product-behaviour. The Activity-display on the table shows the user’s
activity of creating sequence (selected actions and states in order). The created
sequence gets stored in flowchart format in the system, each step indicating the object’s

State (SO and S1 in Figure 8), and flow-conditions represent the user Actions (Al).

MR control: A general-purpose TUI with Leap Motion is implemented to provide
control to the users to interact with the VR scenario. Leap motion allows users to see a
virtual representation of their hands. It gives a sense of enhanced presence when
interacting with the real TUI. The TUI consists of a fiducial-marker on the top (6,
monitored by an overhead webcam. The hardware-components of TUI include an
IoT-chip (Particle Photon: WiFi Particle (2020)) connected to sensors. The IoT-chip
detects user-interactions with TUI and updates sensor data. Unity3D scenario detects
the activity of TUI and user-hands, and determines the user-actions in the VE, like the

act of shaking, grabbing, pushing, and clapping.

3.2.2 User-activity: creating interaction-sequences

To create the interactive-sequences, users select required Action/State elements from the
digital-catalog screen using their hands (Leap Motion) or keyboard-keys (physical).
After a selection is made, the virtual-object on the table in VE animates to showcase
the feature of selected state interaction-elements. After multiple selections, an
event-sequence is created, and users experience it in demo mode. In demo mode, the
event-sequence is played step by step from State-0 to the final State. The simulation
only moves forward if the user performs the activity stated in the Action elements, thus
simulating the whole interaction-behaviour as if it was a real product-behaviour. This
sequence allows users to experience, validate and modify their creation in quick
succession. The created sequences get stored in the system for later revision/usage. The
system stores all creations and revisions, creating an event-sequence storage inventory

which showcases the journey of concept idea development.

13
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4 Assessing MR implementation: Experiment proto-

col

4.1 Use Case Scenario

As playful designs problems are open-ended and allows users to create their own goal
and simulate social interactions (Bekker et al., 2010), a use-case scenario of generating
‘playful-interactive behaviours’ for two daily-use products (Table Lamp and Alarm
Clock) was designed. For experiment purpose, the stated products were predefined to
have a free form, i.e. participants had the freedom to think and create
interactive-product behaviours by assuming the form-factor of the objects. This setting

provided enough abstractness yet relatedness to encourage creative output creation.
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4.2 Experiment vs Control condition

For comparative evaluation, a pen and paper-based storyboard type interaction design
method (PPI) was designed as the ‘control condition’, for MR based interaction design
method (MRI) (the experiment condition). A facilitator is present during the
participant’s design activity and provides task-clarification and technical support while
creating sequences. Whole design activity is video recorded, and the outcomes and

feedbacks are stored after the completion of DTs.

4.2.1 Design tasks and material

Both the methods had three design tasks (DT) that allowed to maximise the stage
outcomes and comparative assessment. The tasks details are mentioned as follows:

- Ideation-task: This task works as an inspiration step where users ideate various
probable interaction behaviours, keeping details to a minimum. Participants are
provided with interaction-element catalog, and they document their ideas on a
free-format sheet. The provided catalog is in print format in PPI and digital
format in MRI, each consisting 12 Action and 12 State elements. The
digital-catalog is displayed on the monitor (kept in front of the participant). The
elements of catalog animate when being hovered over by the mouse pointer.

- Creation-task: Here, users develop their previously documented ideas and create
interactive-sequences of product behaviour using the provided design materials. In
the PPI, participants have the same catalog as before, and they are provided with
4-block storyboard format sheets, where they can step-wise illustrate their ideas in
the form of a story. In MRI, participants used the MR system, consisting of
digital-catalog and interaction-creating framework in the VE.

- Revision-task: In this task, users explore/ visualise previously created
interaction-sequences and perform revisions/iterations/refinements. The material
provided here is the same as Creation-task for both MRI and PPI, and they have
access to previously created solutions. The participants revise previously created

sequences, where they document their revisions at the same location using a new

15



sheet/digital-sequence.

Hypotheses: In each task, the user activity, experience and the end-results were
assessed to map the design workflow in the respective methods. Based on the task
activities, following hypotheses for each sub-task were defined, as shown below:
H1 (ideation): better visualisation (dynamic) results in higher number of ideas and
better sensory exploration
H2 (creation): better immersion and feedback mechanism results in exhaustive user
activity and more solutions
H3 (revision): better immersion and feedback mechanism results in more and varied

Trevisions

4.2.2 Experiment-setup and DT-Outcomes

Figure 9 shows experiment-setup and sample DT-outcomes, displaying three tasks for
PPI and MRI tasks from idea-generation through creation and revisions task

user-generated solutions.

4.3 Participants

Thirty participants (11 female and 19 male, median age of 244+1.79) having ‘engineering
design experience’ participated in the experiment. Participants were asked to
self-evaluate themselves for their expertise in the product design process, using VR and
idea-~generation activity through a feedback questionnaire on a 5-point scale (1-point:
beginner; 5-point: expert. Participants reported having a median of 3.5+£0.92, 3.04+1.01
and 2.040.95 for ideation, design and VR experiences respectively. DTs order was
counterbalanced (see Table 10) for each participant to balance out the effect of design

tasks on each other.

16
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4.4 Data Collection and analysis metrics

Table 2 shows the assessment metrics for experiment data collected and analysis.
Questionnaires were used to get DT experience, behaviour data was used to compare
participant’s design practices, and task-wise outcomes were used for checking

exploration and creativity for each design-tasks.

4.4.1 Feedback Questionnaires

Questionnaires comprising three parts to assess the experience of design activity were

provided to participants after the completion of each DT.

Part-I focused on capturing participant’s post-session reactions to the design
conditions through a 7-point (-3 to +3) scale, based on semantics similar to Product
reaction cards by Benedek and Miner (2002). Product Reaction Cards represent
adjectives to evaluate experience after using a system, both positive and negative (like

fresh, slow, sophisticated, inviting, entertaining, incomprehensible). They can be
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Table 2: Data collection and assessment metrics

Type Assessment method  Assessed metrics

reaction cards semantics user experience of design material

Questionnaires —self-assessment manikin  positivity, excitement and control

(post-tasks) system usability scale usability of the design method

additional questions self-evaluated confidence,

stress and satisfaction

Behaviour data task video recording user activity, design practices, time-
utilisation

Design task design space exploration task outcomes: idea-notes/sketches,

solutions story-boards,interaction sequences

user creativity

assessed quantitatively due to the ordinal nature of reported scores by participant
(Tullis and Albert, 2013). Part-I consisted of the following semantics for evaluating the
DT experience: complicated-simple, impractical-practical, confusing-clearly structured,
conventional-inventive, unimaginative-creative, undemanding-challenging,

unpleasant-pleasant, repelling-appealing, and discouraging-motivating.

Part-II was designed to capture how participants felt while performing the task and
about their efforts, measuring emotional state, learnability, and satisfaction. Items in
the questionnaire measured the level of positive-ness, excitement and control as
‘Emotional factor scores’ utilising the self-assessment manikins (SAM). For assessing UX
while designing, questions were extracted from the System Usability Score (SUS), and
replacing the term ‘system’ as ‘way of designing’, as the subject of assessment was the
use of design method, not the MR system itself. Part-II included perceived
‘effectiveness’, ‘learnability’, ‘efficiency’ and ‘satisfaction’; on a 5-point scale. Questions
related to satisfaction about design solution were added, based on a modified version of
the After-Scenario Questionnaire (ASQ) (Lewis, 1990). To match with the context of
our study, the statement ‘I am satisfied with the support information (online help,
messages, documentation) when completing the tasks.” was changed to ‘Overall, I am

satisfied with the results of my design in this task’.

19



Part-III was created to allow participants to mention ideas they were not able to

materialise, concerning the ‘way of designing’, through a free comment section.

4.4.2 User Behaviour

The participant’s activity was studied through video coding to assess their activities
while performing DTs, defined as follows:
1. Making-activity: Time when participants focussed on physically generating the
content (like writing/sketching, any creation-activity using the provided tool).
2. Ezploring-activity: Time when participants involved in visualising/experiencing
the created content like going through their sequence-storyboards, catalogs or
interacting with TUL
3. Idle-activity: Time when non-exploratory and non-making behaviour were
observed, like resting, sitting idle or thinking without using any material.
4. Other-activity: Time spent on non-task related activities like asking questions

mid-task and mid-task clarifications.

4.4.3 Generated DT solutions

DT outcomes were evaluated for exploration of solution space and creativity among the
task solution. For assessing exploration of solution space, solutions were coded based on
the presence of different elements in the outcomes, like exploration of senses, designed
attributes of product interaction, and the players in the interaction. For creativity
analysis, generated outcomes were coded based on their Fluency (Flu), Flexibility (Flex)
and Originality (Orig) (Torrance, 1968) with respect to the unique elements used from
the solution spaces for each task. Additionally, the rate of conversion of solutions from
one DT to another one was observed to infer the task-wise output-flow. The respective

coding metrics are explained in the following section.
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Figure 11: Feedback analysis: questionnaire data Part-I

5 Experiment DT analysis

5.1 Questionnaire feedback: Design experience and satisfaction

5.1.1 Participants’ perception of design material and process

As seen in Figure 11, MRI design method was perceived more inventive, creative,
appealing and motivating whereas PP was perceived simpler and undemanding (less
challenging), all significant difference (SD) (p < 0.05) observed. Participant’s preference
for metrics — practicality (impractical-practical), clarity (clearly structured-confusing),
and pleasantness was not conclusive, so the count of participants who rated

scoreprr > scoreppr was checked. The participant-count rating was observed to be
73.33% (p = 0.0) for practicality and 63.33% for pleasantness (p = 0.0), indicating MRI

to be at least as practical and pleasant as PPI.
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5.1.2 Participant’s emotions and experience of doing Design Tasks

Emotions: All participants strongly reported having a more positive feeling and
excitement while performing MRI DTs (p = 0.0). However, they reported they were
relatively in more control in PPI (p = 0.012), though both MRI and PPI ratings were
high than neutral value. Figure 12 shows the result of paired t-test for MRI and PPI

data, showing relative scores and SD(p < 0.05).

Preference: In terms of preference of design method, 66.67% participants rated in
favour of frequently using MRI in future, but SD was not observed for
scoresy rr > scoresppr. However, SD was observed for participants’ rating for

preference for using MRI as likely as PPI, see Figure 12.

Usage: MRI and PPI both conditions were rated low on complexity and ease of usage,
but participants found PPI way of designing to be less complicated (p < .001) than
MRI. A strong trend towards metrics — ‘facilitation needed’ — was observed for MRI

(p = 0.0), reportedly as it was an unfamiliar way of designing for the participants. Here
facilitation needed meant — facilitation during the experiment and prerequisite learning
meant — a need to be prepared beforehand.

In terms of design tool interaction and usage, ease of learnability received positive
ratings for both PPI and MRI, with PPI rated relatively better (p = 0.0). For
awkwardness and confidence level, no SD was observed. Participants reported a need for
pre-requisite learning for MRI way of designing (p < 0.05). This result was originally

expected as this experiment was the participant’s first time to use MRI.

Satisfaction: Comparing their satisfaction levels during the design-tasks, participants
reported higher satisfaction towards MRI. Participants reported +0.13 for (ease of
working), +0.33 for available task-time and +0.5 for their (task-outcomes) in terms of
the mean of differences for MRI vs PPI. In terms of overall count for this three
satisfaction-criteria, we observed 66.7%, 66.7% and 73.3% participant scores for

scoresyr; >= scoresppy (Figure 12).
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Figure 12: Feedback analysis: questionnaire data Part-I1

To conclude, for relative performance MRI resulted in overall positive design
experience with higher solution satisfaction even though MRI-tasks required
pre-requisite learning and scored relatively lower on learnability, facilitation required,
complexity and prerequisite learning parameters in comparison to PPI. An independent
sample t-test for only MRI-scores resulted in a SD (p < 0.05) for all metrics except
pre-requisite learning, indicating MRI to have overall positive experience

independently(score better than neutral).

5.2 Impact on the designing process and resulting solutions

5.2.1 Solution space: coding solutions

The solutions generated were coded and analysed for each task based on metrics

mentioned in Table 3.

Ideation-task: The result for PPI and MRI Ideation-task was coded in terms of

sensory elements required to experience the generated idea. A sample coding example is

23



Table 3: Coding metrics for assessing DT-outcomes

Solution Coding metrics

Sensory (V: vision, A: audio, T: tactile, Ta: taste, O: olfactory)
Ideation-task  Attributes (St: static, Dy: dynamic, Dm: dimensional, Br: behavioural)
Trigger /Player (Us: person, Ti: time, En: environment)

Creation-task Catalog element usage: States and Actions (12 each), Event-sequence
lengths

Revision types - Iterative/Detailing, Replacements,

Revision-task Addition: multiple behaviours, Addition: new step, and other types

(1-L)
Jumoff Lepm‘fonﬂH iilmiﬂ“#‘“)_

: |o-rtlBHi-j)
I @ 7 @ a /-N‘“]H' ch(fu'ﬂH vfo!)

of BAecome ey &4‘
(2-A) ront o T thc:lis&. ceprending. o
PPI WESL T Lo e MRI the enviomenT,
Sensory Elements Prod. Attributes Trigger-er
Ideat# Notes
\'} A T S Ta | St Dy Di Be Us Ti En
(1-L) (0] (0] (0] (0] (0] night mode, specific time
PPI F
2-A) 0 0 0 0 0 0 push for a while, button gets
warm, tolerant user
(3-A) 0 0 0 0 0 0 0 jumps + makes sound,
MRI stops when petted
(4-1) (0] (e} () () changes size while studying

O: element present

Figure 13: Sample solution coding - Ideation-task (A:alarm-clock, L:lamp)

shown in Figure 13.

As individual solutions consisted of multiple sensory elements, we summarised
overall solutions through a Venn diagram showing all the solutions concerning the five
sensory elements, see Figure 14. As observed, participants generated a similar number of
ideas in PPI [182] and MRI [190] in total. Visual element dominated in both PPI [141]
and MRI [135] for idea generated being comparatively close. Exploration of audio and
tactile elements showed larger count in MRI as compared to PPI, 22% and 24 %
increase respectively. Ideas using wvision, tactile and audio elements together, increased

2.1 times for MRI relative to PPI. Also, an increase in olfactory element was detected
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even though it is small as compared to other elements.
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Figure 15: Creation-task design-outcome analysis

Creation-task: The solutions were checked for two parameters: the number of ideas
from the Ideation-task that were created and frequency of interaction-elements used
(from the catalog) were used to create selected (by the participants themselves) ideas
from Ideation-task. It was observed, participants created more ideas in MRI [153] as
compared to PPI [101], of varying lengths - L3, L5, L7, where L3 represents an
interaction-sequence having 3-steps in interaction-sequence ( before-state SO —

user-action Al— After State S1 -....). Similarly, L5 represents 5-steps (S0-A1-S1-A2-S2)
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and so forth. Figure 15 shows length-wise created event-sequence counts. The L3
sequences were a majority, both in PPI and MRI. More L3 type sequences were created
in MRI than PPI, whereas L5 and L7 sequences were slightly more in PPI.

The number of catalog-elements used to create each interaction-step was also
counted. The overall usage was 589 in MRI and 383 in PPI [383]. The graph in Figure
15 shows the average count of elements used by individual participants per created
sequence. In MRI, catalog-element usage is more at the early steps, SO-A1-S1 (due to
more L3 type sequences), while it is lesser or similar for later steps (A2 to S3) (due to
longer sequences). From the observations, it was concluded that participants tend to
create more sequences that were shorter in length and used relatively more
catalog-element in case of MRI.

In terms of kind of catalog-element usage frequency, sacked bar-chart in Figure 15
shows a relative usage indicating differences in design patterns in PPI and MRI
environments. As seen, participants tend to use more catalog-elements elements that
involved dynamic movements and dimensional changes, in case of MRI. Special mentions
being, elements like dOtransparency (State type) and elevate/wave (Action type) were
relatively more popular in MRI. Use of elements involving user actions like
clapping-hands or waving was more in PPI over MRI. It may be concluded that
catalog-elements which were relatively easy to perceive in 3D and related to intrinsic

properties of the object were more commonly used in MRI.
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Figure 16: Revision-task design-outcome analysis

Revision-task: Here, we checked for the number of Creation-task outcomes that got

revised. Based on the different revision-type used (see Table 3), we summarised the all

Revision-task outcomes through Venn diagram, see Figure 16. As observed, adding

details type revision was dominant in both PPI [48] and MRI [62], though relatively

more in case of MRI. Mixed revision types like adding more catalog-element together

with adding detail type was significantly more in MRI. Mixed revision types were more

dominant in MRI — 34 (24204+9+2+1), see intersections in the figure) vs 14 (24246+1)

in PPI.

28 participants revised solutions in PPI and 29 revised in MRI. In PPI, the number

of participants doing 1-revision only and participants doing 3-revisions (both count:9)

were found to be highest. In MRI, participants doing 3-revisions (count:10) were

highest, closely followed by participants doing 2-revisions (count:9) and 4-revisions

(count:7) respectively. Overall, 72 revisions were done in PPI and 83 in MRI. In terms
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Table 4: Creativity coding based on Torrance’s metrics

Fluency [AC..] Flexibility [UC..] Originality [UC..]

I  generated ideas sensory elements present sensory elements along with prod-
uct attributes and triggers-types

C created sequences catalog elements used ordered catalog element usage

R revised sequences - revision-types performed

I:Ideation, C:Creation, R:Revision, AC: All counts of... ; UC: unique counts with respect to...

of the multiplicity of revisions done, i.e. multiple revisions were done to a single idea to
generate different solutions, data shows a little increase in multiple revisions being done
in MRI.

In conclusion, participants tend to do more revisions in MRI than PPI, which also

involves mixed revision types implementations.

5.2.2 Creativity in generated solutions

Creativity for respective DTs were measured based on Torrance’s metrics (Torrance,
1968), and are defined for each DT as mentioned in Table 4)The coded solution-data
from Solution space assessment was used to generate the value for respective DT's for

PPI and MRI

Ideation-Task: As design for interactive product-behaviour deals with sensory
exploration, the solution-space was taken as the extent of exploration of five senses.
Ideas generated by participants showed an increment in fluency (by only +1.6%
increase), flexible (+6.4%), and original (+12.8%) for MRI as compared to PPI, in mean

values (see Figure 17).

Creation-task: Here, outcomes were based on catalog-element usage and relations
among them. +1.5 times increase was detected in fluency and flexibility for MRI
relative to PPI. While originality increased by only 41.04 times, concluding a

considerable increase in fluency and flexibility in Creation-task outcomes for MRI.
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Figure 17: Observed creativity metrics for PPI and MRI: overall-outcomes and participant
design-behaviour

Revision-task: The type of revisions were used as identifying metric here. The
number of revisions being done per participant/per idea was used to get uniqueness in
revision types. Though the revisions done by participants are dependent on
interaction-sequence created by them, their willingness to try a variety of revisions was
assessed (not the specifics of revised-contents itself, hence, here flexibility and originality
counts were same by definition). +1.2 times increase in fluency and 42 times increase in

originality for MRI as compared to PPI was observed.

Participant’s behaviour: We counted participant’s that generated more fluent,

flexible and original solutions through MRI method or PPI method. The
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participant-counts are shown as radar chart in Figure 17, and has three groups,
Group-1(M<P: performing better for PPI), Group-2 (M>P: performing better for MRI)
and Group-3 (M=P: performing equally). For Ideation-task, size of Group-2 was found
to be almost equal for fluency (+3.33% only), and more significant for flexibility
(+16.7%) and originality (4+36.7%), as compared to Group-1. For Creation-task, size of
Group-2 was observed to be more significant for fluency (+63.3%), flexibility (466.7%)
and originality (+10.0%), in comparison to Group-1. In this case, Group-3 was observed
to be most significant for originality as 43.3% of participants generated solutions. For
Revision-task, a clear difference in participant’s total outputs was observed as Group-2
was observed to be largest (53.3%, 43.3%), followed by Group-3 (33.3%, 40%) and
Group-1 (13.3%, 16.6%) for originality and fluency metrics respectively. To conclude,
more participants generated solutions that were ranked better (or same) in terms of

creativity metrics for MRI.

5.3 Video analysis: behavioural and activity

5.3.1 Overall time utilisation

Time distribution of the whole DTs and coded activities - Making, Fxploring, Idle, and
Other, see Figure 18(left). From the coded data, a median DT duration of 28:52 min
(92%) for PPI and 30:00 min (100%) for MRI was observed. Participants spent
significantly more time for exploring-activity for MRI tasks (30.9%) as compared to PPI
(20.6%). For making-activity and idle-activity, the differences observed were trivial with
making-activity taking most of the time (MRI: 56.9% and PPI: 55.4%) and idle-activity
taking the least (MRI: 8.6% and PPI: 9.5%). The observed time-duration for
other3-activity for both MRI (0.0%) and PPI (0.3%). The time duration that remained

unused due to task completion was 5.4% and 1.3% for PPI and MRI, respectively.

3As for other activity the time duration were observed to be minor, and from here on neglected.
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Figure 18: Participant’s time utilisation during DT's

5.3.2 Time utilisation - sub DTs and participants’ activities

The observed duration for tasks for each design condition are shown in Figure 18(right).
The total time provided for each task was 10:00 minutes. For making-activity in the
case of PPI, participants spent more time in Creation-task (70.8%) than Ideation-task
(59.5%) and least in Revision-task (34.6%). For MRI making-activity, participants spent
a relatively similar time for Ideation-task (56.5%) and Creation-task (56.8%) and slightly
less in Rewvision-task (51.2%). Participants spent less time in exploring-activity for PPI
(25.0% , 13.4% , and 17.0% for each task respectively) as compared to MRI (28.2% ,
33.4% and 33.9 % for each task respectively). The Non-Exploring activity/Idle observed
least spending of time duration among participant’s contributions, it was observed 5.3%
, 3.9% , 10.6% for PPI and 12.0% , 8.3% , 7.8 % for MRI, for each task respectively.
Summarising the time-utilisation assessment, relatively long time is unused in case
of PPI indicating less exploratory nature in participants’ activities, and their reluctance
to revise their creations as other activities observed slightly small differences. As
participants left less unused time, it was positively correlated with their reported high

satisfaction scores.
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Summary and Discussion

For summarising the results product component analysis (PCA) was done to confirm the

conclusions of each assessment category (see Figure 19) metrics along-with questionnaire

data.

6.1

PCA showed a clear distinction for the following points:

Key results

MRI was reported to be high in creative, inventive, motivating and appealing
metrics.

MRI observed better emotions and tasks-satisfaction metrics (time and results).
MRI fell behind PPI in terms of simplicity, ease of learning, and required
facilitation.

Participants were less explorative in PPI and spent relatively less time on all the
tasks.

Relatively more ideas were implemented in each task in MRI.

MRI observed broader usage of solution space, with interaction ideas of smaller
length but multiple behaviours.

Significantly better creativity metrics were observed for MRI, except Fluency in

Ideation-task where the difference was negligible.
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6.2 Discussion: DT-hypotheses

The flow of DT-outcomes in the three sub-tasks is clear from stacked chart
representation. The vertical axis represents the aggregate of solutions contributed by
each participant (different colours represents different participants), and the horizontal
axis shows the concept-development through three DTs. In terms of
Ideation(I)—Creation(C)—Revision(R) progress rate, output-flow in MRI is more
extensive (190—154—84) as compared to PPI (187—103—74). For Ideation-task, both
MRI and PPI participants performed relatively similar in terms of overall output.
However, more ideation-solutions were converted to interaction-sequences in MRI
Creation-task, even with higher exploring-activity in comparison to PPI Creation
output. This trend slowed down for Creation-task— Revision-task output-flow for MRI
even though there were relatively more revisions done in MRI. The reason seems to be a
more significant solution set in Creation-task and limits on the DT time. A broader
exploration of solution space was detected in respective tasks and improvement in
Originality in solutions for different tasks. Hence, it is concluded that a broader
exploration of design space resulted in a more extensive solution set and having higher
originality count among them.

Design tasks’ hypothesis (H1 and H2) were satisfied, as higher number of ideas and
higher exploration time with more diverse exploration space in each sub-task was
observed, with self-reported better-perceived design experience by the participants for
MRI tasks as compared to PPI Task. MRI tasks also observed higher revisions, but the
difference in the number of outcomes in MRI task and PPI Revision-task was small.
However, multiplicity in revised Creation-task outcomes was observed that resulted in

multiple independent solutions full-filling the hypothesis H3.

6.3 Feedbacks and limits:

From the individual feedbacks (Questionnaire Part-I1I), participants reported having

difficulty in creating some of their Ideation-task outcomes for both PPI and MRI but
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had different reasons. For PPI, participants reported having difficulty in imagining the
after-states of designed behaviour and lack of 3D visualisation that resulted in skipping
some of their original ideas. For MRI, participants reported limitations in

system /interface design — like inability to create specific action like blowing air, feeling
of texture - and emphasised on further improvements in interface design. Participants
substituted some interaction-elements in their ideas as they could not implement them
directly using the provided catalog.

Also, the number of available elements for creating interaction-sequences were
limited 12 States and 12 Actions only, because of limited experiment time and its
controlled nature. Here, the reported shortcomings of PPI are already addressed by MRI
condition to a certain extent due to the MR approach but needs pre-requisite learning
leaving scope for improvements in interface design and visualisation of created solutions.
The VE and TUI can be made to fit a specific theme depending on the designers’ needs,
though this expected to improve with ongoing advances in available hardware, positively

impacting the early design phases for creating interactive behaviour.

7 Conclusion

In this paper, design methods and tools for creating interactive-product behaviours were
discussed as we identified the requirements for a suitable tool that provides lower fidelity
yet higher functional capability. For this purpose, an MR design tool-based design
method was implemented, by the combination of VR and TUI, enabling users to
generate early-stage experience-able interaction-designs close to functional prototyping
experiences. The proposed method of ideation, creation and revision participants to
focus on individual aspects of conceptualising interactive behaviours. Coded data-sets
showed the generation of a significantly bigger solution set and higher exploration of
solution space for the proposed method as compared to paper-based concept generation
method, indicating enhanced creativity flow through the early design phase. However,
major differences were observed in Creation-task and Revision-task steps, and outcomes

for Ideation-task were relatively similar in count and variability. Significantly large
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unused-time was observed in Revision-task for PPI indicating early task completion,
which correlated with lower satisfaction feedbacks for the DT outcomes. The time-usage
assessment showed a higher tendency to revise the ideas if the outcomes are
modifiable/interact-able.

As the usage of MR based methods allows quick creation-ability and
experience-ability, it is expected to permit designers to focus more on creating innovative
concepts. Quick validation of their ideas is also possible with reduced technical
hindrances for designing interactive-product behaviours. As this work focussed on the
divergence of concept solution-spaces, further work is required to implement convergence
and validate generated concept interactions in an industry environment. Future works

will focus on expansion and creation of standard catalog interaction elements.

35



References

Arduino (accessed August 12, 2020). Arduino project hub.
https://create.arduino.cc/projecthub.

Bekker, T., J. Sturm, and B. Eggen (2010). Designing playful interactions for social
interaction and physical play. Personal and Ubiquitous Computing 14(5), 385-396.

Benedek, J. and T. Miner (2002). Measuring desirability: New methods for evaluating
desirability in a usability lab setting. Proceedings of Usability Professionals
Association 2003(8-12), 57.

Bjoerkli, L. E. (2015). A review of virtual prototyping approaches for user testing of

design solutions.

Bordegoni, M. and F. Ferrise (2013, mar). Designing interaction with consumer
products in a multi-sensory virtual reality environment. Virtual and Physical
Prototyping 8(1), 51-64.

Buchenau, M., J. F. Suri, K. Keane, and V. Nisi (2000). Experience Prototyping. In
Proceedings of the 3rd Conference on Designing Interactive Systems: Processes,
Practices, Methods, and Techniques, Number October in DIS 00, New York, NY,
USA, pp. 424-433. ACM.

Camere, S. and M. Bordegoni (2014). The Role of the Designer in the Affective Design
Process : the Principle of Accordance. Proceedings of the 5th International Conference
on Applied Human Factors and Ergonomics - AHFE 2014 (July).

Camere, S., H. N. J. Schifferstein, and M. Bordegoni (2015, oct). The Experience Map.
A Tool to Support Experience-driven Multisensory Design. In Design and semantics
of form and movement 2015, pp. 147-155. Politecnico di Milano.

Desmet, P. M., J. C. Ortiz Nicolas, and J. P. Schoormans (2008, sep). Product
personality in physical interaction. Design Studies 29(5), 458-477.

Dubberly, H., P. Pangaro, and U. Haque (2009, jan). What is interaction?
interactions 16(1), 69.

English, K., A. Naim, K. Lewis, S. Schmidt, V. Viswanathan, J. Linsey, D. A.
McAdams, B. Bishop, M. I. Campbell, K. Poppa, R. B. Stone, and S. Orsborn (2010,
sep). Impacting Designer Creativity Through IT-Enabled Concept Generation.
Journal of Computing and Information Science in Engineering 10(3), 031007.

36


https://create.arduino.cc/projecthub

Ferrise, F., S. Graziosi, and M. Bordegoni (2017, oct). Prototyping strategies for
multisensory product experience engineering. Journal of Intelligent

Manufacturing 28(7), 1695-1707.

Filippi, S. and D. Barattin (2012). Classification and selection of prototyping activities

for interaction design.

Gerber, E. and M. Carroll (2012). The psychological experience of prototyping. Design
studies 33(1), 64-84.

Govers, P., P. Hekkert, and J. P. L. Schoormans (2003). Happy, cute and tough: Can
designers create a product personality that consumers understand. In Design and
emotion, pp. 345-349.

Gross, M. D. and E. Y.-L. Do (1996). Ambiguous intentions. In Proceedings of the 9th
annual ACM symposium on User interface software and technology - UIST ’96, New
York, New York, USA, pp. 183-192. ACM Press.

Hewett, T. T. (2005). Informing the design of computer-based environments to support
creativity. International Journal of Human Computer Studies 63(4-5 SPEC. ISS.),
383-4009.

Kurtoglu, T., M. I. Campbell, and J. S. Linsey (2009, nov). An experimental study on
the effects of a computational design tool on concept generation. Design
Studies 30(6), 676-703.

Lawson, B. (1993). Parallel lines of thought. Language of Design 1(4), 231-331.

Lewis, J. R. (1990, dec). Psychometric evaluation of an after-scenario questionnaire for
computer usability studies. ACM SIGCHI Bulletin 23(1), 78-81.

Lopez-Mesa, B. and G. Thompson (2006, aug). On the significance of cognitive style
and the selection of appropriate design methods. Journal of Engineering
Design 17(4), 371-386.

Maclachlan, M. and B. Wood (2013). Experience Design Tool : Encouraging Designers
To Consider Different Design and Emotion Strategies. International Conference on

Engineering and Product Design Education (September), 686-691.

Maurya, S., K. Arai, K. Moriya, P.-A. Arrighi, and C. Mougenot (2019, mar). A mixed
reality tool for end-users participation in early creative design tasks. International
Journal on Interactive Design and Manufacturing (IJIDeM) 13(1), 163-182.

37



Maurya, S., Y. Takeda, and C. Mougenot (2019). Enabling designers to generate
concepts of interactive product behaviours: a mixed reality design approach. In

Proceedings of the 22nd International Conference on Engineering Design (ICED 19).

Mugge, R., P. C. Govers, and J. P. Schoormans (2009). The development and testing of
a product personality scale. Design Studies 30(3), 287-302.

Myers, B., S. Y. Park, Y. Nakano, G. Mueller, and A. Ko (2008). How designers design
and program interactive behaviors. In 2008 IEEE Symposium on Visual Languages
and Human-Centric Computing, pp. 177-184. IEEE.

Nacsa, J., E. Barakova, and J. Frens (2011). Sharing meaning and physical activity
through a tangible interactive lighting object. In Procedings of the Second Conference
on Creativity and Innovation in Design - DESIRE ’11, New York, New York, USA,
pp- 227. ACM Press.

Particle (accessed August 12, 2020). Particle photon.
https://docs.particle.io/photon/.

Rahimian, F. P. and R. Ibrahim (2011). Impacts of vr 3d sketching on novice designers’
spatial cognition in collaborative conceptual architectural design. Design
Studies 32(3), 255-291.

Rietzschel, E. F., B. A. Nijstad, and W. Stroebe (2010, feb). The selection of creative
ideas after individual idea generation: Choosing between creativity and impact.
British Journal of Psychology 101(1), 47-68.

Rieuf, V., C. Bouchard, V. Meyrueis, and J.-F. Omhover (2017, jan). Emotional activity
in early immersive design: Sketches and moodboards in virtual reality. Design
Studies 48, 43-75.

Sadler, J., L. Shluzas, P. Blikstein, and R. Katila (2015). Creative chunking: Modularity
increases prototyping quantity, creative self-efficacy, and cognitive flow. The Third

International Conference on Design Creativity, 112—-123.

Shih, Y. T., W. D. Sher, and M. Taylor (2017, nov). Using suitable design media
appropriately: Understanding how designers interact with sketching and CAD
modelling in design processes. Design Studies 53, 47-77.

Silver, K. (2007). What puts the design in interaction design. UX matters.

Takala, R. (2005, jun). Product demonstrator: a system for up-front testing of
user-related product features. Journal of Engineering Design 16(3), 329-336.

38


https://docs.particle.io/photon/

Toh, C. A. and S. R. Miller (2015). How engineering teams select design concepts: A
view through the lens of creativity. Design Studies 38, 111-138.

Torrance, E. P. (1968). Torrance tests of creative thinking. Personnel Press,

Incorporated.

Tullis, T. and W. Albert (2013). Measuring the User Ezperience: Collecting, Analyzing,

and Presenting Usability Metrics. Newnes.

Yi-Luen Do, E. (2005, dec). Design sketches and sketch design tools. Knowledge-Based
Systems 18(8), 383-405.

39



	Introduction
	Early phase behavioural design and workflow
	Define: Interactions in product design
	Design: Concept generation for interactive behaviours
	Develop: prototyping the concept-interactions
	Research Hypothesis

	Implementing interaction through MR: design method and tool
	Implementation: the basic principles
	Engagement through MR
	Designing interactive-product behaviour
	Modules for creating interaction: the interaction-elements catalog

	Implementation: the MR System
	System Components
	User-activity: creating interaction-sequences


	Assessing MR implementation: Experiment protocol
	Use Case Scenario
	Experiment vs Control condition
	Design tasks and material
	Experiment-setup and DT-Outcomes

	Participants
	Data Collection and analysis metrics
	Feedback Questionnaires
	User Behaviour
	Generated DT solutions


	Experiment DT analysis
	Questionnaire feedback: Design experience and satisfaction
	Participants' perception of design material and process
	Participant's emotions and experience of doing Design Tasks

	Impact on the designing process and resulting solutions
	Solution space: coding solutions
	Creativity in generated solutions

	Video analysis: behavioural and activity
	Overall time utilisation
	Time utilisation - sub DTs and participants' activities


	Summary and Discussion
	Key results
	Discussion: DT-hypotheses
	Feedbacks and limits:

	Conclusion

