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Abstract

In a world of mixed and layered information, traditional representation methods on
construction sites and training environments often lack to reflect the connection be-
tween the digital and the real world. By utilizing emerging technologies such as Aug-
mented Reality (AR), this study explores new representation methods in construction
and training. On-screen overlaying of digital information over real-world environments
enhances the 3-dimensional (3D) understanding, facilitates navigation between var-
ious levels of information, and provides step-by-step guidance. In an experimental
case study in San Carlos, Philippines, an AR-guided training and assembly app is
developed in collaboration with Zurich-based start-up incon.ai1 to train and assist
the builders of the Base Bahay Foundation2 for bamboo panel assembly in low-cost
housing. Properties like user engagement and adoption, informative and accelerative
quality, and training and work process optimization are measured through a final field
study with builders in a real-world training environment in the Philippines.

1https://incon.ai/
2http://www.base-builds.com/
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1. Introduction

On-site representation has evolved throughout construction history from sketches to
realistic renderings, from hand-drawn and reproduced blueprints to Computer Aided
Design (CAD) drawings, from hand-made models to digital models of Building Infor-
mation Modeling (BIM). Even though many of these traditional methods remain in use
today, emerging technologies provide a way to fill in and expand some of their limi-
tations, especially given the complexity of today’s construction workflows, materials,
and assembly techniques.

Blueprints, like plans, sections, and axonometric drawings, use 2-dimensional (2D)
methods to explain the 3-dimensional (3D) world around us. While they allow mixing
multiple layers of information (mechanical, structural, etc.) and detailed scales to
demonstrate the complexity and amplitude of structural information, the reader must
possess adequate skills to comprehend and visualise them (Fig. 1a). Furthermore,
when looking at vernacular representation methods, other options emerge, such as
Ibuku bamboo structure design team, which uses scaled tabletop models during the
design and construction process so that builders can directly measure and reference
the structure in order to gain a deeper understanding of it (“IBUKU Design Process”,
n.d.) (Fig. 2).

(a) Blueprints. (b) Tabletop models. (c) Alternative methods.

Figure 1: Limitations of current representation methods in construction.
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Despite the multidimensional understanding that they provide, 3D tabletop models
lack the possibility of overlaying mixed levels of information, which 2D images acquire
through multiple layers and scales (Fig. 1b). Physical models can be confusing and
not detailed enough for technical information. These limitations raise the question of
whether new technologies can combine the advantages of said current methods for
new alternatives (Fig. 1c).

Figure 2: A tabletop scaled model at the construction site of Green School Bali by
Ibuku.

Considering the challenges previously outlined, Augmented Reality (AR) offers a
promising integration of digital systems into the construction industry by enhancing
the collaboration with humans on-site. First prototyped years ago, AR is defined as
the technology of overlaying digital elements over real-world environments (Azuma,
1997). Essentially, AR enables multiple mixed-media images, videos, and instructions
to be layered over the world as we know it (Fig. 3). In learning and working envi-
ronments where presence and contextuality are critical, AR offers a middle ground
between realism and full immersion. According to previous research in construction
training, humans learn more efficiently and perform better with mixed reality tech-
nologies than with fully immersive ones (Wang & Dunston, 2007). Additionally, the
current accessibility of smartphones enables low-cost, high-tech developments in the
industry. Combining the digital and real worlds opens up the possibility of effective
collaboration and assistance between humans and machines in construction.
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Figure 3: As an alternative representation method, AR offers mixed information over-
laying, 3D understanding, and contextuality of the real working environment to hu-
mans.
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2. State of the Art

While the concept was developed in the 1960s (Sutherland, 1968), AR applications
have found the chance to develop rapidly in the last decade as a result of recent tech-
nological advancements. Accessible development tools make it possible to realize
projects that once would have required the extensive facilities and means of academic
institutions. Particularly, widespread ownership of smartphones and tablets has con-
tributed significantly to the emergence of functional mobile applications. Due to this,
many AR applications have been developed in recent years for different purposes in
a variety of industries, including construction (Rankohi & Waugh, 2013).

2.1 In Construction

The mainstream construction and architectural design industries have picked up the
AR trend, particularly in the last decade (Chen & Xue, 2020). Currently, it is pos-
sible to find commercial apps that have real-size visualizations on-site that let users
walk around around architectural models1 (Fig. 4a) or help construction workers with
progress tracking, task distribution, quality control and site management2 (Fig. 4b).
Furthermore, the implementation of cloud systems in construction applications en-
ables direct and on-demand networks between agents in construction workflows (Jiao
et al., 2013).

On the other side, some interfaces utilize AR-guided assembly as a direct connec-
tion between digital models and physical fabrication, such as Additive bricklaying, a
parametric brick wall of a vineyard in Greece built with the feedback of as-built mea-
surements to a digital twin using incon.ai (Mitterberger et al., 2020), (Sandy & Buchli,
2018). Another commercial app Fologram3 also makes use of AR guidance in the
Steampunk pavilion to estimate the curvature of bentwood (Jahn & Wit, 2019) (Fig.
4c). Similarly, Crowdsourced fabrication explores the topic from the point of view of
how humans can be integrated into collaborative fabrication systems (Lafreniere et

1https://akular.com/, https://gamma-ar.com/, https://www.arvizio.io/
2https://fieldtech.trimble.com/, https://visuallive.com/, https://www.augment.com/
3https://fologram.com/

4



al., 2016). The LoX pavilion employs a cloud-integrated AR app to facilitate commu-
nication during cooperative assembly of interlocking structures, illustrating how the
app experience can be tailored to the design (Atanasova et al., 2022). These ap-
plications utilize digital model overlaying for step-by-step instructions to position and
assemble building elements, which is an essential element of this research as well,
within integration to the complexity of construction training workflows.

(a) Walking around in real-size BIM visualizations
on site with the Akular app.

(b) Visualising and tracking construction pro-
cesses with Trimble connect.

(c) 3D overlaying for assembly with Fologram
app.

Figure 4: AR use in construction.

2.2 In Training

Characteristics like worksite contextuality for the learners, the ability to train on-site,
and direct relatability between the real work environment and the learning material
make AR a viable method for training and learning (Johnson et al., 2010). However,
while education and training AR apps have been developed for many industries such
as military, manufacturing, mechanics, health etc. (Doolani et al., 2020), there seems
to be a gap in the construction field regarding assembly tasks (Lee, 2012). Applica-
tions in the construction industry, like construction equipment and heavy machinery
operation training (Wang & Dunston, 2007), construction safety training (Le et al.,
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2015), (Pereira et al., 2018), VR Personal Protective Equipment (PPE) training4, se-
quential Mixed Reality (XR) guidance in building maintenance5 stay mostly on the
operational level (Fig. 5a).

(a) Sequential step-by-step XR guidance in build-
ing maintenance with the Arvizio app.

(b) Scaled digital tabletop model for training in
program-ace.

Figure 5: AR use in training.

Other examples show that the implementation of features like gamification elements
such as questions, points, trophies are substantive to enhance the attention of the
learners in training (Guo et al., 2012). Gamification elements are often tailored to the
learners’ previous knowledge such as user levels (Webel et al., 2011), for an adaptive
learning experience. Other examples include tabletop models6 that users can play
with and learn the building process by visualizing scaled models wherever they are
(Fig. 5b). While these are some of the commercial and academic examples, only a
few demonstrate AR technology’s application to assembly training in construction.

4https://www.invonto.com/insights/virtual-reality-training-construction-safety-demo/
5https://www.arvizio.io/
6https://program-ace.com/success-stories/wheel-replacement-training/
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3. Research Objective

The purpose of the study is to discover alternative methods of representation to assist
builders during the training and construction processes of Philippines-based Base Ba-
hay Foundation’s innovative Cement Bamboo Frame Technology (CBFT) for building
sustainable, disaster-resistant, low-cost housing (Fig. 6). Together with Zurich-based
startup incon.ai, the User Experience (UX) and User Interface (UI) of the incon app
for AR-guided assembly are tailored to the specific challenges of the case studies, in
this case the processes of Base Bahay (Fig. 7).

(a) (b)

Figure 6: Cement Bamboo Frame Technology (CBFT) by Base Bahay Foundation.

Figure 7: Incon app in use for assembly tasks.
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3.1 Base Bahay Foundation & Housing Solutions

Considering that more than 70 million people in the Philippines already live in substan-
dard housing, which the World Bank estimates will increase to 113 million by 2030,
durable homes are essential in a country with frequent disasters like earthquakes
and typhoons (Lansang, 2022). While disaster-relief housing is often associated with
temporary housing, Base Bahay claims that in a disaster-prone country like the Philip-
pines, long-lasting technologies like CBFT can offer more sustainable, but affordable
long-term solutions. The social housing program has been extensively developed in
this direction from the material to the building level by involving a large number of lo-
cal people at every stage of the supply chain: from harvesting to construction (Salzer
et al., 2016). At the Base Innovation Center (BIC) in Manila (Fig. 16), they do not only
research bamboo production and treatment, but also work on improving their building
systems to better fire, typhoon, and seismic performances (Fig. 8).

Figure 8: Bamboo treatment with local producers. Credit: Hilti Foundation / Fairpic-
ture: Alecs Ongcal

3.1.1 Case Study: Negros Occidental Impact 2025 in San Carlos

Our case study, The Negros Occidental Impact 2025 (NOI25) is a collaboration be-
tween Habitat for Humanity1, Hilti Foundation2 and Base Bahay Foundation, that aims
to build 10.000 housing units in Negros Occidental district by 2025 to address the
housing shortage (“The Negros Occidental Impact 2025”, 2019). The collaboration
brings together partners from a wide range of fields, including community develop-
ment, housing finance, and building technologies, through which CBFT will be used
to create affordable, disaster-resilient housing.

1https://www.habitat.org.ph/
2https://www.hiltifoundation.org/
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As of the time of this study, construction in San Carlos had begun as one of the 30
designated sites following the Silay City pilot project (Fig. 9). Therefore, it was chosen
as the case study for testing the app. In the future, the app is planned to be used on
other sites after the studies are completed.

Figure 9: Silay City housing units. Credit: Hilti Foundation

3.2 Problem and Goal Definition

Users of the proposed app are defined as initially untrained builders for training, and
later, trained builders for construction. As a result of integrating AR into existing sys-
tems, a mix of digital information can be presented in the real-life work environment,
combining traditional teaching materials, such as images and texts, that lack spatial
understanding, with hands-on instruction, which lacks technical information. To min-
imise complications and reduce the costs and hours involved with hands-on training,
the goal would be to organise mixed-information, engage new learners, and enhance
3-dimensional understanding.

The construction side involves supervisors and engineers observing, supervising,
and assisting with building management on each building site (Fig. 10). The guidance
of AR could eliminate this need for on-site expertise. Additionally, efficient human-
power and task management in workflows can reduce the number of building hours
and, as a result, the cost of the project. Overall, novice builders are expected to be
able to train and build without requiring excessive external assistance.

9



Figure 10: Builders on-site.

3.3 Key Challenges

The primary challenge addressed in this study is step-by-step guidance in construc-
tion and training workflows. Several other challenges are addressed in the study or
outlook, including tracking construction progress by supervisors, multi-user collabo-
rative workflows, construction safety integration, and remote collaboration between
offices and the site (Fig. 11).

Furthermore, the research also examines other challenges related to the user inter-
face, including motivating builders to use the app, physical interaction between users
and their phones, and mixing different types of information for different workspaces,
tools, and workflows.

Figure 11: Key Challenges.
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4. Method

A multi-case study approach is employed to address these challenges. Through-
out the UX and UI development process, prototypes and user tests were conducted
simultaneously with the involvement of all stakeholders. Particularly in a topic like
training, where the human factor is of the utmost importance, this helped with the
user-integrated design. On the San Carlos site in the Philippines, a final field study
was conducted with our participation to measure training success from social, cultural,
and personal perspectives, as well as to determine the success of work processes in
the future.

4.1 Experimental Set-up

The system set-up is defined in this section in terms of hardware, software, and data
modules. Smartphones are the main hardware used in this research because of
their ubiquity and accessibility. Following the agreement, Base Bahay has purchased
two Android phones for use with the incon app. While the incon app serves as the
main software module, its user experience and interface are further developed to
facilitate Base Bahay’s training process. Developed in Android Studio, the incon app
for AR-assisted construction was already ready for use, while open to adding new
features. Once the user interface elements desired to be incorporated into the app
were agreed on, integration was handled in collaboration (details in Section 5.3.1).
However, until this implementation stage, development, prototyping, and testing were
primarily conducted on a prototype Unity app, detailed in Section 5.2.

The data modules consist of 3D models of the case study housing unit submitted
by Base Bahay (Fig. 12). The app visualizes 3D models and building actions on
the phone screen using information encoded into building plans. In this system, the
app and building plan are designed for use by a single user. User inputs include
touch and hand gestures, along with mixed media information such as digital models,
instructions, images, and videos as representation modules.
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Figure 12: System Architecture.

In regards to digital models, they can be represented in a variety of forms such as
scaled digital models and real-size overlaying to facilitate both the building and
training processes. The focus of the building process is on production, whereas train-
ing is about teaching builders how the process works. Both can, however, benefit from
information given in different forms that serves different purposes.

1. Scaled Digital / VR Mode

independent of the environment + virtual model & instructions

Similar to the aforementioned scaled bamboo models used on the construc-
tion site, visualizing a scaled digital model independently can provide nav-
igation for finding specific information, tracking progress, and jumping be-
tween steps. Using the environment-independent scaled digital model,
builders can access the desired information without having to be in the
workspace (Fig. 13). Additionally, having all the information fit on the
screen makes it easy-to-read for the builders. Although, in the end prod-
uct, this mode will be fully Virtual Reality (VR), prototypes also tested a
scaled AR version over a simple QR tag.
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Figure 13: Scaled Digital / VR Mode

Figure 14: Real-size Overlaying / AR Mode
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2. Real-size Overlaying / AR Mode

real-world work environment + overlaid model & instructions

As in the current incon app, real-size overlaying over the real-world environ-
ment can give builders a visual understanding of objects and their posi-
tions (Fig. 14). The guidance and sequence are more relevant to training,
while builders can work on different tasks in open-ended workflows during
construction. AR is facilitated through the tracking of QR tags placed in the
real-world environment.

4.2 Building Set-up

Multiple stages and applications are involved in the construction of a housing unit
(Fig. 15). The scope of this study is limited to the fabrication of CBFT panels. Due
to the timing and to keep the focus on assembly workflows, the study excludes site
preparation, lay-outing, foundation, panel and lath installation, plastering, and roofing.

Figure 15: Building process of CBFT housing units.

There are various wall panels that forms a housing unit, some of which are solid
separators and others that contain window and door frames (Fig. 16a). The panels
are fabricated on worktables in a warehouse next to the site, then stored for instal-
lation on-site (Fig. 16b). Currently, the panel fabrication training process includes
an introduction by Base Bahay that includes videos and pdfs of the building process
before hands-on training begins. The knowledge collected from these instructions, in-
terviews with engineers, and experiments in Zurich (details in Section 5.1), has helped
us to form the system set-up of the app to facilitate panel fabrication.

14



(a) A sample of a housing unit. (b) A worktable to fabricate the wall panels on.

Figure 16: Base Innovation Center (BIC).

4.3 From Object to Action Representation

In a simple building process, such as building a brick wall, the main component at
hand is an individual object, which, in this example would be a brick piece. Each
brick would be dependent on the two bricks placed under it, making the whole wall
interconnected. Where bricks represent objects and dependencies between them
represent interconnections, graph maps can be used to represent this object-based
system (Fig. 17).

Figure 17: Object-based Representation.

This graph map would represent geometric objects, so each object would contain
information such as meshes and frames. The information carried by a complex build-
ing process like panel fabrication, however, extends beyond just geometries. The ex-
periments confirmed that placing objects was not the only action taking place. Panel
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fabrication, in particular, required many different tasks, such as choosing materials,
drilling, finding nodes1 of bamboo, etc. Moreover, tasks could also be classified ac-
cording to their instruction methods, such as cutting, marking, drilling, etc., and they
would not always occur sequentially, but rather simultaneously. A builder, for instance,
could measure and cut reinforcement flat bars while others drilled and nailed bamboo
to timber. In order to encode this action-based building process of panels, we required
a new representation method.

Using this information, we have defined building tasks as a set of clean actions,
such as ”Place Bamboo”, ”Drill Holes in Timber”, etc. (Fig. 21). As opposed to objects
having dependencies on each other, the proposed system has actions that depend
on each other. Due to the fact that some actions are performed simultaneously, there
can be more than one dependency, resulting in a graph map as a result (Fig. 18).
Based on the information it wants to give, each action can be associated with different
attributes, such as elements, dimensions, holes, etc.

Figure 18: Action-based Representation.

In the standard system, 2D drawings are created from the 3D models for use on
site. They have no notion of time, only visual information that the reader can reference
from. By using the new representation method, however, the 3D models of the panels
are encoded into actions in time within the building process (Fig. 19). Users receive
commands at the time they need them.

1Nodes are darker curves with an external ridge on the bamboo that divide the shoots into seg-
ments. They are crucial for the placement of bamboo in the panel.
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In order to do so, the new representation system makes use of a new data structure
called Bamboo Assembly Information Model (BAIM). The data structure consists of
both object and action maps as classes. Using these classes, we can then filter and
organize all of the information associated with the housing unit in order to be able
to export it into building plans that can be used by both the prototype and the incon
application (details in Section 4.5.1).

Figure 19: 3D models of the housing unit in San Carlos.

• Action is the task to perform, e.g. ”Place Bamboo” (Fig. 20). As a class, it
includes attributes like action name, element type etc. In Appendix B, more
details can be found about each action’s attributes.

(a) (b)

Figure 20: Action.
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• Panel consists of two graph maps: one with objects and one with actions. The
action map is essentially the representation of a panel (Fig. 21).

Figure 21: Panel.

• Structure is essentially the housing unit that keeps all the panels together (Fig.
22).

18



Figure 22: Structure.

4.4 User Interface Design

Based on the design thinking framework for learning experiences, the following sec-
tions investigate who the learners are, in what context they learn, and how their learn-
ing experiences can be improved with user interface design (Boller & Fletcher, 2020).
In the preliminary studies, we detail the prototype, which was developed essentially
simultaneously as we learned the processes and came up with new ideas (Fig. 23).

Figure 23: Design thinking for learning experiences.
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A learning experience revolves around the user, who in our case is a new builder.
Learners’ thoughts, actions, motivators, and challenges help us to understand their
perspectives. Despite not being able to speak directly with the builders until the
Philippines case studies, we got insight from interviews with the Base Bahay team
members. Through annual online meetings with engineers, trainers, and supervisors,
we shared all of our definitions and ideas with them.

When designing the learning and gamification elements, it was necessary to keep
in mind that long-term usage can be achieved by encouraging motivation rather than
inducing it. It should provide users with value, as such repeating topics that are chal-
lenging to understand and answering questions that are only presented once in pre-
sentations. During the fabrication, we have remarked how often we had to go back to
pdfs and videos to remind ourselves the process. When builders are in doubt about
the work process, they may not be able to go back to the material, read plans or check
the 3D models, so the app can help improve their access to information. Moreover, the
app should be straightforward and intuitive without any unclear directions. It was un-
clear at this stage whether the builders had adequate tech knowledge for smartphone
apps and augmented reality, but the app should still be able to satisfy a wide range
of different users. This was confirmed in the last case study during interactions with
builders that some, especially young builders, found learning easy, while others had a
harder time. Additionally, the app should be enjoyable, so builders can have positive
moments with the app. Achievements and rewards can be used to accomplish this.
These constraints were taken into account in the design ideas in the following section.

4.4.1 Learning Journey

Learning is not a one-time event, but rather a journey that requires retrieval and prac-
tice over time (Boller & Fletcher, 2020). Spacing and differentiating between learning
activities, asking questions, and providing reminders are all ways to lift up learning.
To this end, a journey was designed that reflects the current training processes for
builders as well (Fig. 24). While details on how the training process is conducted
have changed slightly throughout the research, the basic idea of multiple steps of
learning has remained the same.

The first learning step is individual use. Initially, this step was envisioned as learners
using the app at home, learning and testing digitally before going on site. As they
watch videos and complete the learning and testing materials, they can earn points
at their own pace. Although in the end stage users explore the app individually on
site, using both AR and VR modes, the concept of understanding before building
has remained unchanged. Later, the builders follow the instructions together on the
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worksite while navigating through the building steps. In order to avoid confusion,
however, in the field tests, the app was used only by one user instead of each builder
(details in Section 6.2.1). The final stage was day-to-day use for longevity, where
users could revisit and retrieve information, thereby improving learning. In this stage,
user levels, points, and awards were also explored, although only a few have made it
into the final product, and rather stayed in the outlook (details in Section 7.1.3).

Figure 24: Learning Journey.

4.4.2 Learning Elements

From the learning journey, the next step was to figure out how the ”learn” and ”test”
would work. The ideas focused on structuring and visualizing the actions so that
builders can easily understand them. Based on the learning material given by Base
Bahay, Zurich experiments, and interviews, the new learning elements were designed
to cover all the information about actions that builders should train on.

Interactive Elements

Various interactive elements were designed in response to the many types of actions
with different levels of information. In order to create a simple language which users
can get accustomed to, 3D bubbles that float over the panel are used as a recurring
element, with different colours representing different functions (Fig. 28a). There would
be green bubbles for videos, yellow bubbles for learning, and blue bubbles for testing
(Fig. 25).
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Figure 25: Different colors of bubbles represent different functions.

• Information Bubble (yellow)

Each action contains hard-to-find facts, that range from the diameter of the
drill bit that is used in that action to more detailed explanations about the
node-to-node selection of bamboo. These facts are gathered through in-
terviews and experiments and categorized into the actions they belong to
(Fig. 26). These facts are portrayed in the digital model as yellow ”infor-
mation bubbles”, with an exclamation mark on it. Yellow is considered to
be attention-grabbing for users. A short title of the fact is also written in 3D
text over the bubble. Clicking them could also earn users points.

– Text and Images By clicking the bubbles, a pop-up text box would appear
with relevant facts about that action (Fig. 28b). These facts are often
supported by images as well.

– 3D Animations Information bubbles may include more elaborate informa-
tion that can only be explained through 3D models. For example, fixing the
j-bolts would require a step-by-step explanation of how it comes together.
This would be very challenging to explain over text or over a whole panel,
because each bolt is so small. A large section of the connection between
bamboo, timber, and j-bolts is therefore visualised over the panel, which is
animated in the correct sequence (Fig. 28c). However, these animations
would be too complex and unique for each action.

• Question Bubble (blue)

Blue ”question bubbles”, on the other hand, would display questions to
test the knowledge of users. These would only appear after all learning
information for that action had been explored. Clicking on question bubbles
earns users more points and advances the action.
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– 3D Interactive Tests Some of these questions can be more interactive,
such as fixing the j-bolts, as mentioned above. With their fingers, users
can slide components of the j-bolt into the correct positions in the correct
order (Fig. 28d). In the same way, these are quite complex and are only
suitable for certain actions.

Figure 26: Action Map with additional information points.

• Video Bubble (green)

The fabrication videos provided by Base Bahay are also be split into ac-
tions and integrated into the steps. Videos are visualised by clicking a
green ”video bubble”. Although initially video was displayed in a 3D plane
over the panel, a 2D scene is determined to be more appropriate for watch-
ability (Fig. 28e).
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• Action Bubble (red)

Some information is too position-related for it to be included inside ”infor-
mation bubbles”. As an example, drilling holes for bolts and fixing bolts is
directly related to their position and amount. During these actions, red ”ac-
tion bubbles” are placed in their positions to make it easy for users to see
the bolts, which can be clicked to view 3D models describing that action,
such as drills (Fig. 28f).

• Clickable Elements

The panel elements could also be clickable to demonstrate how some ac-
tions are performed. For example, when cutting bamboos, raw materials
are displayed next to the panel, which users can click to move to a cutting
station, which in reality would be the circular saw (Fig. 28g). It can then vi-
sualize the dimensions of the bamboo to cut on the table, so users can cut
the materials in real life. In later actions, such as placing bamboo, clicking
the bamboo over the panel can change its color, indicating its placement.

• 3D Dimensions

Already integrated into the incon app, 3D dimensions overlay dimensions
directly on the panel for a better visual representation (Fig. 28h).

Gamification Elements

We define gamification elements as small game mechanics such as progression, per-
sonalization, levels and stages, rewards, points, etc. that motivate the user to cre-
ate an enjoyable environment while serving another purpose, in our case, training
(Oliveira & Bittencourt, 2019). A gamified system can motivate builders to use the
app and explore every element, especially in the early stages when they need to
learn the information properly. Therefore, we explored how some of these elements
can be integrated into the incon app to create a more interactive experience (Fig. 27).

• Action States

A user’s progress throughout actions can be tracked by three states: ”locked”,
”learning”, and ”tested” (Fig. 28i). In the beginning, each action is in a
”locked” state. By clicking and exploring the learning elements and earn-
ing points, the user levels up to ”learning”. When the user also answers
testing elements, the action reaches its final stage, ”tested”. Throughout
the prototypes, the game mechanic of action progression is explored in
many different ways, from clicking on every clickable element to checking
out every information bubble or time-counters on every action.

24



Figure 27: Learning framework with gamification elements.

• Points

Earning points is a common gamification element that motivates users to
complete learning elements. The accomplishment of learning elements
like watching videos, testing, information bubbles, supervisor points during
workshops, and revisiting for retrieval can give builders points (Fig. 28j).
While these were explored during prototypes, it runs the risk of diverting
the focus from learning to only earning points. As a result, many iterations
were carried out through user testing.

• Awards

As a result of earning points, a user can also progress and level-up, which
can lead to awards, such as certification. Certification was a recurring dis-
cussion topic with Base Bahay team members, as they are inclined to intro-
duce a certification program to the training process to incentivise builders.
Certification can help builders both within and outside of the panel fabrica-
tion, as it can not only lift them up, but also help them prove themselves
and climb up in their careers.

Navigational Elements

Navigational elements have been considered for the users’ comfort and ability to nav-
igate the app independently. This includes understanding actions, orienting them-
selves, understanding what elements mean, and knowing what to do.

• Action Map

Section 4.3 described the action map as a data structure to hold the ac-
tions and their interrelationships. However, it can also be displayed in the
user interface as an always-accessible map, which allows users to navi-
gate themselves (Fig. 28i). Users see not only all the actions at once, but
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also which ones they are currently working on and which ones they have
already completed. The user previously had to use the action navigation
buttons to go to the building step they desired, which could be frustrating in
most cases. By using the action map, they can jump directly to the action
they want without having to go through each one individually.

• Action Navigation

The structure of the building steps changed from placing objects to group-
ing them into actions; therefore, a navigation bottom bar with simple but-
tons to go to the next or previous step became more useful than buttons
to place and remove objects. Moreover, seeing the name of the action, as
well as which step the user is on gives the user a sense of orientation.

• Color Code

The use of colour coding is also essential for users to understand the state
of objects. In the case of the panel, users should understand which el-
ements they need to deal with in that action. A simple color scheme of
red, blue, and transparent grey is used during prototype development (Fig.
28a). Building elements in red are clickable and illustrate current building
elements. Blue represents elements that have already been placed, what
the panel should look like at this point. The transparent grey represent the
future elements, illustrating how the final panel will look.

• App Instructions

Often, first-time users of the app require basic instructions on how to use
the interface. In order to provide these instructions, we have used presen-
tations during the testing (Appendix A.4.1). The 3D bubble legend is also
included in the instruction page on the interface (Fig. 28k).

• Point to QR Tag Instructions

When a user with previous AR experience picks up an AR device, the first
thing they would do is point it at a QR tag or a surface. Once the digital
model is visualised, they would walk around and explore the space. With
users who have no prior AR experience, however, this is not the case. In
order to avoid confusion, we decided to add instructions like ”Point your
phone camera to the QR Tag!” to direct them (Fig. 28l). They come up
whenever the AR starts, the tag is lost, or the user switches from VR to AR.
This also allows the user to gain cognitive behaviour in AR technologies.

26



(a) Main Scene. (b) Info Bubble: Text
and Images.

(c) Info Bubble: 3D
Animations.

(d) Question Bubble:
3D Interactive Tests.

(e) Video Bubble (f) Action Bubbles. (g) Clickables. (h) 3D Dimensions.

(i) Action Map. (j) User Info. (k) App Instructions. (l) Point to QR.

Figure 28: Scenes from the prototype app.
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4.5 Data Pipeline from 3D Models to Building Plans

Coming from a graph-based data structure to represent 3D models of the housing
units, and designing the user interface elements of the app, the next step is to detail
the pipeline between the 3D models and the app. 3D models are delivered by the
Base Bahay design team in .dwg format, as they work on CAD software for their de-
signs. For the long term, other methods are discussed, such as using .IFC files from
BIM software or improving the incon website (details in Section 7.2). In the meantime,
since the transition from CAD to BIM will take some time, building plans are gener-
ated semi-manually from the .dwg files. This is accomplished within coding blocks
in Grasshopper2 plug-in of Rhinoceros3, using libraries such as rhino geometry4 and
compas framework5. BAIM, the graph-based data structure, is then used to encode
the information collected from the 3D model and export the building plans to use in
both the prototype and the incon app (Fig. 29).

Figure 29: Data Pipeline from 3D Models to Building Plans.

4.5.1 Filtering Geometries

3D model of the housing unit as a CAD file is imported into Rhino and then opened
within Grasshopper (Fig. 30). The code block ”generate assembly” on the left side
of the grasshopper file contains the code that takes the geometry of the entire hous-
ing unit using the rhino geometry library, filters it based on attributes such as blocks
and layers, and encodes it into BAIM (Fig. 31). As previously explained in Section

2A visual programming language and plug-in of Rhinoceros. https://www.grasshopper3d.com/
3A commercial 3D modeling software. https://www.rhino3d.com/
4A library that contains geometric types used in Rhino. https://developer.rhino3d.com/api/

RhinoCommon/html/N Rhino Geometry.htm
5A library developed in ETH for computational design, robotic and digital fabrication purposes. https:

//compas.dev/index.html
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4.3, structure class represents the whole housing unit, panel class represents each
panel within, and element class represents any object that belongs to the panel, like
bamboo pieces or bolts.

Figure 30: Importing the CAD file into Rhino with the Grasshopper plug-in.

The geometry filtering process begins with the creation of a BAIM structure class for
the entire housing unit (Fig. 31). Each panel is previously defined by the design team
as a block with a name that specifies its type and number, such as ”Window Panel
02”, ”Door Panel 01”, or ”Solid Panel 03”. A BAIM panel class would be created for
each of these panels. Hence, in geometry filtering, the blocks whose names contain
”Panel” are filtered first. When a panel block is accessed individually, all its objects are
enumerated. As a first step, brep geometries are distinguished and checked if they
belong to ”Timber” or ”Reinforcement” or ”Bamboo” layers. If they do, a BAIM element
class is created along with their type, meshes, and frames. As a next step, blocks
whose names include ”Bolt” are filtered. For each, an element with the same attributes
is created and added to the panel class that it belongs. Further, some curves and
points are also filtered to use their positions for dimension and hole instructions, and
added to the panel. After all the objects have been enumerated, the panel is added to
the structure class, and this process is repeated until all the panels have been added.

In this way, each object of the panel is automatically added to the object graph
representation stored in the panel class. Howver, as actions are dependent on build-
ing processes, actions and their attributes must be manually added to BAIM’s action
graph representation. Currently, manual input is deemed enough for the building plan
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Figure 31: Geometry filtering for generating assembly.

generation, however, more adaptable processes are discussed for future settings (de-
tails in Section 7.2).

Exporting to Building Plans

After collecting all the information on both panel objects and actions into BAIM, both
graphs are used to export building plans in different functions for different purposes.
Building plans include all actions as building steps, along with their attributes and
interdependencies. A building plan is prepared for each panel of a housing unit. For
most of the development process, ”Door Panel 01” and ”Window Panel 02” were used
for testing.

The building plan exports each panel positioned on the worktable, so they appear
in their correct position in the app. It is done by transforming them from their local
frame to the world frame. Panels can be optionally scaled down too, which is often
used for the scaled AR version in the prototype app. To ensure their correct position
and scale, they are also visualized in the rhino environment (Fig. 32).

Incon building plans use a very specific language to include all necessary instruc-
tions for building steps. The building plan for each panel is exported as a .json file
named after the panel, e.g. ”Window Panel 01.json”, and each action is exported as
a building step. Object meshes are exported separately in .obj files because they are
not included in the .json files. Since the objects are grouped by type, these files are
titled timber.obj, bamboo.obj, etc., containing all of that type within that panel. Before
they can be accessed from the incon app, these files must be uploaded to the incon
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website. The incon building plan is generated using these files, which can be acti-
vated as often as needed to generate active building plans. Using the app, users can
then select an active building plan from a list and scan the QR tag to see the digital
model and instructions.

Figure 32: Each panel can be transported and visualised on the worktable.

For exporting to the prototype Unity app, the panel class is simply written in a .json
file, without a specific organisation. Meshes and frames are included in the .json file
which can then be generated using a mesh generator in Unity. Details on how the
building plans are loaded in the prototype app are in Section 5.2.

Following an overview of the general architecture and pipeline from 3D models to
building plans used in the apps, the next chapter looks at case studies using the
prototype and incon app.
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5. Case Study

Through the multi-case study approach, we had the chance to explore different as-
pects of the app at various stages of development. In early experiments, we were able
to discover the current panel fabrication processes, which led to the development of
the representation methods. In preliminary studies using the Unity prototype app, we
have been able to experiment with user interface components and learning elements
simultaneously with prototyping and testing. We conducted user tests with different
stakeholders during this phase so that we could confirm and test many elements be-
fore incorporating them into the final product. Lastly, the field study at San Carlos
allowed us to examine reactions and measure the success of integrating the incon
app with existing processes.

5.1 Early Experiments

Understanding the current processes and tailoring the app to the particular situation
at hand are also crucial components of designing a learning experience. Thus, at this
stage of the project, we have conducted some building experiments, as well as had
interviews with the different profiles from Base Bahay, such as engineers, team chiefs
and builders to gather detailed information about the workflows and the challenges
that builders encounter throughout the building process.

An experiment has been planned in Zurich between 7th and 10th of February to
understand the building process of the CBFT panels from the perspective of a builder
(Fig. 33). It was intended to replicate the fabrication of two to three panels according
to the instructions provided by Base Bahay. To prepare, we watched the videos and
reviewed the pdfs supplied by Base Bahay explaining the fabrication process. As a
part of the initiative, the tools have been supplied by the Hilti Foundation, and the
materials have been ordered with the support of the Base Bahay team. Experiments
were conducted in the Robotic Fabrication Lab at ETH Zurich. The report of the
experiments can be found in Appendix A.1.
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Figure 33: Panels were fabricated in Zurich to better understand the building process
of CBFT panels.

Version of the incon app used during the experiments was oriented towards object
placement as described in object-based representation systems (Fig. 34). Using CAD
files through the Grasshopper Python script, a simple building plan was generated
(details in Section 4.5). This pipeline was used at that time in a very basic form.
Since we already had a basic understanding of the building process from the material
supplied by Base, we decided to group objects by their type instead of individually
(as with object-based placement), since it did not matter what object was placed first
within that type group. The building plan included the basic type sequence of [Timber,
Bamboo, J-Bolt, Reinforcement, Reinforcement bolt], as well as 3D dimensions during
relevant steps.

Figure 34: A version of the incon app based on object placement was used during the
experiment.
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Listed below is the timeline for the three days it took to generate the plans, prepare
the materials, and build the panels for the first time. In accordance with the sched-
ule, only Solid Panel 02 and Door Panel 01 were built. Later on, these panels were
installed together to visualise a part of the housing unit (Fig. 35).

Figure 35: Fabricating the panels on the worktable.

Day 1: Building plan for the Solid Panel 02 was generated for the incon app, building
material was cut and prepared for the fabrication (Fig. 36a).

Day 2: Solid Panel 02 was fabricated partially using the incon app, and notes re-
garding the sequence of instructions and the general building process were taken
down. Building plan for the Door Panel 01 was generated for the incon app (Fig. 36b).

Day 3: Building material of Door Panel 01 was cut and prepared partially using the
incon app, and the panel was fabricated. Two panels were installed and fixed together
(Fig. 36c).

(a) Solid Panel 02. (b) Door Panel 01. (c) Panels installed.

Figure 36: Zurich Experiment Results
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5.2 Preliminary Studies

The process of designing learning elements was concurrent with the process of de-
veloping and testing them. Considering integration into the incon app was labour
and time intensive and required a team effort, it was decided to work on a prototype
app1 developed in Unity2. During prototyping, learning elements were designed in-
dependently of real-size overlays or scaled digital models. Since the worktable was
not within reach during development, and the real-size overlaying feature was already
included in the incon app, the prototype was developed in the scaled digital model
format (Fig. 37). Initially, it was planned to have the scaled digital model in AR, there-
fore, Vuforia kit3 was used as the AR engine within the Unity package. Later, different
modes of the scaled digital model were tested in Section 5.2.4.

Figure 37: Scaled digital model in the prototype app.

5.2.1 Technical Structure

Within Unity, C# script snippets are used to control and connect objects. Some of the
scripts can be seen on the right side of figure 38, stored under the assets. On the
left side, the hierarchy of game objects and user interface elements can be seen. The
”Main Canvas” contains the interface objects, of which only the ”Download Canvas” is
active at the start of the app.

A load button on the download canvas activates the Load() function, which listens
to storage on a cloud platform4 to download the building plans. Upon clicking, the

1Unity project ”Bamboo Assembly Prototype” can be checked here: https://github.com/begums/
BambooAssemblyPrototype

2https://unity.com/
3https://developer.vuforia.com/
4Firebase is used as the cloud platform: https://firebase.google.com/
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Figure 38: Main canvas stores all the interface canvases.

building plan as a .json file, explained in Section 4.5.1, is loaded from the cloud stor-
age (Fig. 39). Once the file is retrieved, the generatePanel() function, which utilizes
a .json deserialiser, is executed to unpack the .json file into a C# class called ”Panel”,
similar to the panel class in BAIM. It then visualises the digital model of the panel
using the generateMesh() function. The digital model is added to the ”Assembly Gen-
erator” game object (Fig. 40), which is under ”Image Target” that is connected to a
QR tag via the Vuforia engine (Fig. 41). Thus, when the model of the panel is added
to ”Assembly Generator”, it will still not be visible since ”Image Target” is not active.
Therefore, the tag tracking is started, and the user is told to point the phone to the QR
tag. When the AR Camera captures the QR tag, all objects connected to the ”Image
Target” are activated, including all learning elements beside the model of the panel.

Figure 39: Loading the building plans in Unity.

In addition to the simple structure of scripts that help load and generate 3D models
in AR, other scripts take care of user interface components, as well as the more com-
plex systems, like the 3D animations, 3D interactive questions and clickable bubbles.

36



Figure 40: The digital model of panel and learning elements are attached to the ”As-
sembly Generator” game object.

5.2.2 Design Progression

Some of the learning elements like the Information Bubbles and the Video Bubble
can be seen under the ”Image Target”. In the progression, many learning elements,
such as 3D bubbles, tools, videos, and animations, were hard-coded in Unity. Later
on, as some of the elements were decided to be integrated into the incon app, the
structure of BAIM was changed to include this information so that it could be exported
to the incon building plans as well. Using specific code snippets, Unity also allowed
for more interactive and elaborate learning elements, such as 3D animations and 3D
interactive questions. Prototypes also explored and tested other 3D elements such as
a cutting station and a 3D video plane. In addition, the user interface was designed
and changed easily, adding new concepts like ”Point to QR code!” and new icons and
buttons.

There were multiple interactions with the Base Bahay team at different phases of
development, such as concepting, non-functional/functional prototyping, and finalizing
the app. An online meeting was held in March to demonstrate visuals and describe
ideas during concepting and ideation, which contained only a part of the building pro-
cess and no learning elements. Despite not collecting self-reports or questionnaires at
this stage, comments were noted and used to develop the design. At this stage, most
comments were positive, and the main argument was that the user interface should
be intuitive and direct. The design of all learning elements was aimed at achieving
this.
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Figure 41: Image Target controls the QR tag and all the digital elements connected to
it.

Once in April with the incon team in Zurich and once in May with the Base Bahay
team via an online workshop, the functional prototype app was tested with actual
interaction with users. Both tests used observational and self-reporting methods.

5.2.3 User Test 1: incon.ai

The first user test was conducted at the incon offices in Zurich in April. Users were
seven team members of incon.ai with ages ranging from 23 to 37, all from Switzerland,
and involved in AR technologies.

The prototype app at this stage covered all the building actions with relevant learn-
ing elements. One by one, users were taken to a meeting room with the instructor
alone. They were given an overview of Base Bahay, the CBFT technology, and the
San Carlos project, as well as an overview of the current training process. Later, users
were asked about their opinions regarding AR in construction and training, as well as
their motivation to use it.

After receiving basic instructions on the interface, learning elements, and clickable
objects, users explored the application at their own pace. The instructor provided
some verbal support during the tests while noting their comments. After the session,
users were sent an online questionnaire to complete on their own time (Appendix
A.2.1). Answers to the questionnaires are used to determine the findings in the next
section.
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Findings

Most of the commentary and answers from the users were directed towards the user
interface and learning elements. It was at this stage that the use of AR for the digital
scaled model was questioned. Users reported losing track of the QR tag while moving
around and looking closer, which distracted them from the experience.

Colour coding for elements of the panel was generally well received by users. Some
complications regarding the mixing of the colours were cleared up and became stan-
dardized. There were also positive responses to the video, information, and question
bubbles, with some criticism about how the pop-up text appears. Furthermore, many
users have reported that there were too many 3D objects around the panel, such as
3D action text, instructions, etc., which made the scene overwhelming and confusing.
Therefore, later designs used a consistent language of bubbles and simple elements
per action.

Another topic that came into the discussion was the game mechanism of earning
points. In user test 1, points were earned by clicking on each clickable object in the
action, whether it was a bubble or an element of the panel. Once everything was
clicked, the action levelled up from locked to learning. Users reported that it was too
time-consuming, distracting, and not helpful for learning. As a result, earning points
for user progress was limited in later versions.

Although these are the most notable comments, many others were taken into con-
sideration to improve the app for the next tests with the Base Bahay team a month
later.

5.2.4 User Test 2: Base Bahay

Second user tests were conducted with the Base Bahay team through an online work-
shop in a span of two days (Fig. 42). All users were from the Philippines, ages ranging
from 36 to 48, and employees of the main offices of Base Bahay, all managers, engi-
neers, trainers, and supervisors.

An online call was set up between the Philippines, Zurich, and Munich, with the
Base Bahay team gathered together in the meeting room of the main offices at BIC.
Each day began with basic instructions on the app and a plan for the day. Screen
sharing was used with the online call, and the entire call was recorded. On day 1,
small versions that demonstrate different visualisation methods, as well as a part of
the prototype app were tested hands-on with each user interacting with the app. On
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day 2, users also got the chance to test with the incon app in real-size overlaying over
the worktable in the BIC lab. After each part of the test was completed questions
were asked verbally to users, which can be found in Appendix A.3.2. Demonstration
videos of small visualisation modes, as well as the full prototype app can be found in
Appendix A.3.1.

Figure 42: Online workshop with the Base Bahay team.

Part 1: Different Visualisation Modes

The goal of the first part of the user test was to determine which version of the scaled
digital model is most convenient for users. Until this point, the prototype app was
developed using AR, with a scaled digital model displayed over an A4 QR tag. Other
options included full digital VR, or AR with a white background to prevent the users
from being distracted by the background (Fig. 43). In addition to these three, users
have also tested the incon app to compare it with real-size overlays. This step involved
creating new building plans for the incon app that contains exactly the same informa-
tion in the prototype app, such as the action names, action details, etc. Learning
elements were not yet integrated into the app, so the focus was on how the overlaying
felt to users.

Among the four options, users have reported that VR is the easiest to understand
and read, while real-size AR is the most enjoyable. They have also commented that
the real-size AR is useful for finding the real locations and sizes of objects, but that
the whole model is sometimes difficult to see. The scaled VR version is convenient
for seeing everything together, especially since it has a zoom function that AR does
not have, and it is easy to read over a white background. As for the VR version, users
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reported that panning and zooming were relatively comfortable while scaled AR was
challenging due to tracking issues.

(a) Scaled VR. (b) Scaled AR. (c) Scaled AR with
white background.

(d) Real-size AR.

Figure 43: Different Visualisation Modes.

Part 2: Prototype Training App

According to the results of the last test, the learning elements and actions of the previ-
ous app have been improved. This was the first time Base Bahay members interacted
with the app and tested the learning elements. Most users have found ”action map”
useful for getting an overview of the whole building process and navigating between
steps. In addition to enjoying 3D animations and clickable elements, they found the
videos most helpful for understanding, as well as complementary to one another. As
it was unstable and difficult to work on AR on a small scale, they struggled with inter-
active 3D questions. Overall users have reported that they had a good understanding
of the construction process and sequence of a bamboo panel from the app (Appendix
A.3.2).

According to user comments, steps are easier to remember with the app because
mobile screens stain the eyes more than paper. Besides being quick and referenced
on-time (when and where you need it), it allows quality control during construction,
uniformity and alignment of learning facts and processes, and is easy to replicate in
other designs. On the other hand, some disadvantages include fear of new technol-
ogy, distraction from learning processes, and difficulty in converting the knowledge
presented in the app into real-world construction skills. These comments and an-
swers have all been taken into account in the decisions and filtering that are made
from prototype learning elements to incorporate into the incon app for the field study.
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5.3 Field Study in the Philippines

After concepting and prototyping, the final step of the user experience evaluation pro-
cess was to conduct a field study in San Carlos, Negros Occidental through a site visit
with the Base Bahay and the incon.ai team (details in Section 3.1.1). To this point,
we have done research on user experience in AR-guided training and building, made
analyses, conceived ideas, prototyped in Unity, and eventually conducted user tests
with both the incon.ai and Base Bahay teams. Using the learnings from these user
tests, we have been able to identify parts of the training experience that we would like
to implement in the incon app and use them in our case study in San Carlos.

5.3.1 Filtering Process from Prototype to incon App

With the prototypes and testing completed, we worked with the extended team of
incon.ai on all the features we deemed valid and feasible for the future of the incon
app. Despite the fact that most of the features were evaluated based on the particular
training in panel fabrication at hand, most of the features that passed were intended
to be used in future projects involving the incon app.

Early in the design process, it was intended to use real-size AR for building and
scaled AR for training, especially since scaled AR would enable the user to see the
whole model on their screen without having to move around. The question later arose
whether VR could perform equally well or even better than scaled AR, especially since
users could interact and navigate the VR environment independently. As described
earlier in the second user test with Base Bahay in Section 5.2.4), users found the
real-size AR version to be the most entertaining, while the VR version was easiest to
navigate since they could hold the phone freely, zoom in and out, and turn the model
as they like. In contrast, scaled AR pushed them to walk around similarly to real-
size AR, but without the visual stimulation that comes with walking around a real-size
object. In addition, they found the VR version more stable, since the AR sometimes
flickered and moved around when it lost visual connection with the QR tags.

This feedback has led to the decision to use the VR version in addition to real-size
AR. This way, AR mode could assist the builders in moving around the workspace and
seeing where elements should be placed in real life, as well as accessing visual in-
formation like 3D dimensions, while VR mode could let the users see the whole panel
without moving around, and zoom and pan using their fingers. To switch between the
two versions, a toggle is added to the UI.
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(a) Real-size AR
mode.

(b) Scaled VR mode.

Figure 44: Incon switch between AR and VR version.

A significant decision given at this stage was to keep the learning elements both
in the real-size AR and and the scaled VR modes. This has slightly changed the
concept from one being used for training, and the other for building, to both versions
being used for training and building at the same time. While currently the app has
been only tested in the training environment, as the later user tests show, once the
app develops further into the building process, an option for disabling these elements
in the real-size AR mode would be a possible addition to the app.

Apart from the general changes in the UI of the app, learning elements that were
tested through the prototype app were filtered to see which would be useful in the
latest version of the incon app. Details on learning elements can be found in Section
4.4.2, and their application in the prototype app in Section 5.2. Here are the reasons
for their designs in the prototype and how they were adapted into the incon app.

Interactive Elements

• Information Bubble (yellow): applied

Important part of integrating learning information into the 3D building plan,
information bubbles are kept in the incon app with the same design.

– Text and Images: applied
Similarly pop-up boxes with text and images appear when bubbles are
clicked in the incon app.

– 3D Animations: not applied
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Despite their usefulness for understanding some processes, such as
the sequence of fixing bolts, 3D animations can be difficult to place
within a scene, and may only be useful for a few actions. As they also
require a complex application process, the integration to the incon app
was passed for now.

• Question Bubble (blue): not applied

Question bubbles, the third member of the learning bubbles, lacked enough
information to be used as testing material. Being a practical method,
preparing questions for panel fabrication is challenging, and can be in-
troduced later when it is more clear.

– 3D Interactive Tests: not applied
Similar to 3D animations, 3D interactive tests were complex to inte-
grate and lacked sufficient utility.

• Video Bubble (green): applied

As all users implied videos are a great tool for understanding actions, the
incon app kept the language of video bubbles and a video scene that pops
up, when clicked.

• Action Bubble (red): possibly in the future (applied later)

The action bubbles were initially deemed unnecessary in the final version,
but rather simple 3D arrows pointing to the bolts would suffice for bolt-
related actions. While this worked well in the tests, other actions needed
more explanation. As a result, action bubbles have been reintroduced,
which can show gifs of the actions when clicked, similarly to 3D animations.

• Clickable Elements: not applied

Though features like the cutting station and placing elements were use-
ful for demonstrating the action to users and were enjoyable, especially
considering the app is mainly used on the site, they were considered too
complex for an intuitive easy-to-use interface. Instead, the information is
given in the form of text and images.

• 3D Dimensions: applied

3D dimensions already existed in the features of the incon app, and it was
kept and utilised for other actions such as setting up the worktable.
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Gamification Elements

• Action States, Points, Awards: not applied

We decided that the user progression and point system were not system-
atic enough and decided not to implement the user progression into the
incon app. However, we may use the point system in the future through
other tasks.

Navigational Elements

• Action Map: applied

While having this sort of a map as a feature in the incon app has been
agreed on, the network structure of the map has been redeemed too hard
to visualise for the time being. Even though the building plans prepared
for incon held the information of the dependencies between actions, the
UI design of such graph was far too complex to generalise enough for it to
work with the future projects as well. In the prototype the positioning of the
nodes were solved more simply, as the number of the actions were known
for the panels. Therefore, the design was downgraded to a list form, which
could be still used for jumping to the action the user wants to and see which
action they are on. Later during the tests however, it was observed once
again that during building the actions do often not happen sequentially
but mostly simultaneously, hence requiring the network system (details in
Section 6.2.2).

• Action Navigation: applied

The transition from object-based to action-based representation required
a similar shift in the interface. Consequently, the bottom panel of the incon
app has been reorganized to not direct the user to add or remove objects,
but rather to move on to the next or previous action.

• Color Code: changed

The prototypes had a stagnant colour coding: blue for past elements, red
for current elements, and grey for future elements. However, during the
tests, the users indicated that they preferred colour coding between dif-
ferent types of elements. Thus, a switch between different colour coding
modes has been planned (Fig. 45). In the end, due to the tight schedule,
a mode in between was chosen. It would be colour coded according to
element types, with the current element having a green wireframe lining,
and the future elements being transparent.
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(a) Color coding according to previous, current,
future elements.

(b) Color coding according to different types of
elements.

Figure 45: New color code concept.

• App Instructions: possibly in the future

At this point, users are instructed on how to use the app through the intro-
duction presentation, however, an introduction demo can be added to the
app in the future to facilitate everything inside the app.

• Point to QR Tag Instructions: applied

Proving to be very useful to direct the users to point to the QR tag to
visualise the AR panel, this instruction was also integrated into the incon
app.

5.3.2 Preparations for the Trip

A near-final version of the app was developed during the period between User Test 2
and the Philippines field trip. Along with the app, building plans have been updated
and adapted to the latest version.

Implementation of New Features in incon App

Incon.ai’s AR-guided construction app has been developed on the Android platform
using a native programming language for the platform. With the help of the incon team
and engineers, the new features were implemented. After categorizing the features
described in the last section into groups, we implemented the coding from higher to
lower levels. During this time, the interface also underwent minor aesthetic changes.
Videos in Appendix A.4.2 show this version of the app used in the tests.

Building Plans Preparations

Until the implementation in the incon app, building plans that were generated from the
BAIM in Grasshopper were more basic. Each action only contained information like
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the name, the text, the element type, the dimension type, and the hole type. Since
information bubbles, videos, action bubbles, etc., were defined in Unity, they could
not be exported as incon building plans. There were many adjustments made to
the BAIM at this stage so that all necessary information regarding bamboo assembly
could be included. Several new properties have been added to the actions, including
cut type for material instructions, video instruction for video bubbles and video URLs,
and text instruction for information bubbles. The export function was also updated to
properly export all these newly added properties into the incon building plans.

As a result of the changes to the structure, the information bubbles and video bub-
bles were defined as clickable model instructions, which required .obj files. Images for
cut instructions and information bubbles were prepared and uploaded to the website
for access by the incon app.

5.3.3 During the Trip

From July 1st to 16th, the Philippines site visit was conducted as planned. A schedule
has been framed for the first two days in Manila at the BIC and the offices of the Base
Bahay Foundation (Fig. 46). This was followed by three days in San Carlos, then back
to BIC. In both BIC and San Carlos, we interacted with a variety of users at different
levels and conducted multiple user tests. Ultimately, the results were both informative
and affirmative for the next steps of the project as well as future collaborations.

Figure 46: Worktable and sample housing unit set at BIC.
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Interactions with Stakeholders

Our main interaction during prototype phase and site visit was with Base Bahay team
members: leads, engineers, architects, and site engineers. Throughout the course of
the project, the entire team was engaged, interested, and supportive. With the help
of the craftsmen, we learned more about the fabrication process and improved the
building plans accordingly (Fig. 47). All the team members collaborated on how to
improve the app and the building plans, integrate them into existing processes, and
keep it running in the long run.

Figure 47: Learning from the craftsmen at BIC.

The willingness of the workers and contractors on site to learn new technologies
was also very encouraging. Especially, with their ability to easily use and compre-
hend the functions of the app quickly, young builders have pleasantly surprised many
people on the side of the head office.

User Tests at the Base Innovation Center and San Carlos

The user tests were conducted both at BIC and in San Carlos. From the first to the last
user test, the process flow has improved dramatically. The first tests were conducted
on Tuesday at BIC, where multiple worktables were set up for testing panel fabrication,
as well as a housing unit. Overall, the response was very positive. Everyone seemed
to be invested in the value that the incon app could bring to the building process from
training to building to quality control (Fig. 48).

Our next stop was San Carlos in Negros Occidental, where we conducted the rest
of the tests with local builders (Fig. 49). There was a temporary warehouse on site for
fabricating panels with approximately ten worktables, some for parallel panels, some
for angled panels, and some for firewalls (Fig. 50). In addition, we visited the site,
where one third of the housing units were already in place, and the foundation for the
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Figure 48: First tests were conducted at BIC.

remaining units was being laid. We were shown around the site by site engineers and
explained the installation process. Some errors were observed in the panels, such as
mortar holes in the wrong places and nuts painted after installation. Once again, this
highlighted the importance of quality checks prior to and after installation.

Figure 49: Construction site in San Carlos.

Initially, during the tests at BIC, there were a few mishaps with the test process. It
caused some confusion among the test group because there was no presentation or
introduction before the tests. As all users had the same building plan, their phones
were synchronized in real-time, making it difficult to control them. Additionally, in order
to get started faster, the familiarization phase, during which users explore the app,
was kept short. As a result, users were unable to experiment with all of the features
at this time, resulting in confusion. The distribution of roles during fabrication was
unclear and everyone kept their phones, which caused many users not to contribute
efficiently since they were confused about their roles. As a result, we were unable to
finish fabricating a table, which caused disappointment among the users.
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Figure 50: Warehouse with worktables next to the site.

As a result of this experience, it became apparent how important integration into
the training program was. Hence, we developed a three-stage training process with
the head of training at Base Bahay: introduction, familiarization, and application, as
detailed later in Section 6.2.1. This allowed users to have a much more comfortable
experience. The tests started with an introduction presentation including an explana-
tion of the concept, features, and basic instructions on how to use the app (Fig. 51).
The presentation used in the tests can be found in Appendix A.4.1. It was followed
by a longer familiarization period so that users could have the opportunity to explore
the app at their own pace with different building plans, and non-synchronized apps
(Fig. 52). In the final hands-on application phase, only the chief kept the phone and
instructed the others on how to build the panel (Fig. 53). By using this method, users
had a better understanding of the app, as well as being able to produce a panel at the
end, which created a sense of accomplishment for them.

Figure 51: Introduction presentation to users.
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Observations during Tests

With the experience gained from previous tests, we decided to split the evaluation into
two sections: observations and questionnaires. Since the purpose of these tests is
to understand users’ experiences while using the app, observations can provide us
with a realistic understanding of their experiences (Roto et al., 2011). Specifically,
regarding how well users can comprehend and interpret text and icons on the screen,
as well as perform tasks required by the app.

Figure 52: Users discovering the app individually in the familiarisation phase.

A set of queries were filled out subjectively by the observer according to the users’
facial expressions, commentary, and reactions during their use of the app in San
Carlos. Answers were graded from 1 to 5 on a scale of challenging to easy. The
following is an assessment of the grades. Even though each user has approached
topics differently, the answers are generalized to approximate the reactions of the
users.

• Understanding the augmented digital model and moving around to see from
different perspectives.

Mark: 3 (Moderate)
Upon clicking the chosen building plan, users who see ”Point to the QR
Tag!” instructions easily understand that the tag must be located on the
worktable before they can point their phone towards it. Once the app reads
the tag, it visualises a black square over the QR tag. Many users, however,
struggle to understand that at this point they should lift the phone and
look around the worktable to see the digital model. Hence, an instruction
such as ”Walk around to explore!” would be beneficial here. Once they are
verbally informed that they should, the users have no problem interpreting
the augmented digital model and walking around to see different parts of
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the model. The users initially became confused when the app lost track of
the QR tag. However, if they followed the instruction of ”Point to the QR
Tag!” that popped up on the screen, they realised they could revisualise
the digital model.

• Understanding 3D clickable elements and double clicking to activate them.

Mark: 4 (Easy)
During the introduction, users were told that double clicking information
and video bubbles would activate them, but initially, most of them needed
to be reminded at least once that it is actually double-clicking as opposed
to a single click. Nevertheless, most of them, especially the young builders,
grasped this early and applied it correctly.

• Being able to read the augmented dimensions and 3D texts.

Mark: 4 (Easy)
Despite almost no difficulties reading the 3D dimensions, users sometimes
hesitated to move around to see more of the digital model. 3D texts over
the information bubbles also helped the users to get an overview of the
content of the bubbles.

• Understanding the 3D arrows and their purpose.

Mark: 5 (Very easy)
Users almost had no problem understanding that 3D arrows pointing to the
bolts at Fix Bolts actions. In some cases, users have even counted how
many bolts they need by using the arrows.

• Using the toggle to switch to the VR mode.

Mark: 2 (Challenging)
Most users had trouble seeing the toggle that switches between AR and
VR modes. Those who did, however, used it quite often once they under-
stood that they don’t have to move around to see some information if they
use VR mode.

• Pinching and sliding to pan and zoom in the VR mode.

Mark: 3 (Moderate)
While it is very intuitive to pan and zoom for almost all users, there were
times when they had difficulty controlling the 3D model.

• Using the next and previous step buttons to navigate between steps.

Mark: 5 (Very easy)
Most users figured out right away that they could jump between steps by
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clicking the next and previous step buttons. Seeing the name of the action
on top also helped the users to understand which step they are on.

• Using the action map to navigate between steps.

Mark: 4 (Easy)
Initially, users had difficulty understanding they could click the icon on the
top bar to open up the action map, but once they realized they could go to
any step they liked, it became very useful. The tool was especially useful
for users since they sometimes had to go back and forth with some steps
during the building phase to ensure they applied the correct dimensions
or got the items correctly. The building step revealed, however, that some
steps did, in fact, fork rather than flow sequentially. Although this has not
affected the workflow of the training process, it seemed like a good idea for
improving the building process.

• Using the visualisation settings to set-up the appearance of the 3D model.

Mark: 5 (Very easy)
Users had no problem changing the visualisation settings to their wish.

• Making a report and submitting it.

Mark: 2 (Challenging)
There is a reporting tool in the incon app that users can take screenshots
and make reports that can be observed from the incon website. Users
seemed to understand how to use the tool, but in this workflow no reports
needed to be submitted, so few tried it out. It was apparent from this expe-
rience that the tool needed to be better integrated into the user experience
for future use as a quality assurance tool (details in Section 6.2.2).

• Using the calibration settings to set-up the 3D model to the tag.

Mark: 1 (Very challenging)
The incon app also includes a tool for calibrating the 3D model to the QR
tag by moving it in the xyz axes and rotating it. In the first test that it
was described to the users, they found it very challenging and got heavily
distracted. Therefore, in the later tests, the demonstration of these settings
settings was removed from instructions. Nonetheless, this taught us that
tag placement and calibration strategies are crucial for a seamless training
process (details in Section 6.3).

• Being able to interpret icons such as ”action map”, ”visualisation settings”, ”re-
port” etc.
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Mark: 4 (Easy)
Users had no issue understanding what the icons’ functions were and how
to use them, since they were already explained during the introduction
presentation. Nevertheless, the importance of instructions was evident,
along with how incorporating instructions into the app could improve the
learning experience.

Perspectives from Users

Aside from understanding whether users can comprehend the user interface and per-
form building tasks, it is also vital to understand how the app can improve their daily
lives. To help us with this, we recorded some quotes from users and drew a scene
from the site.

Figure 53: The chief keeps the phone and instructs the others on how to build the
panel in San Carlos.

As mentioned before, prior to the tests, there were concerns about how workers
would adapt and use the app. However, tests showed that most workers embraced
the app enthusiastically, especially the young ones, but one young builder stood out
in how quickly he got a good hang of it. During the use of the app, he memorably
asked if it was available on the app store, illustrating how familiar young people are
with these concepts. Later he suggested mounting the phone on a tripod next to the
worktable so that everyone could view the process whenever they wanted. Both of
these ideas could be interesting use cases for the future.

During discussions with the engineers, a female engineer expressed frustration that
it can be difficult to be taken seriously as a woman on site as she cannot physically
demonstrate how things are done. She believes, however, that the videos will help her
since she can just display the correct way of building through the app. This demon-
strates how technology can be empowering by equalising information on all levels.
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Interviews with workers also demonstrated this. As opposed to architectural plans,
where a specific method of reading is required, they often expressed how seeing
the 3D geometry and dimensions made understanding easier. Visual comprehen-
sion skills are all that are required for the app, so workers have an easier and more
enjoyable experience.

During the building phase, many workers were reluctant to accept the chief position.
In the last test in San Carlos, however, one of the builders, who is also the head of
the contractor company, was appointed as chief. Even though the panel they were
working with was quite complex, he was able to instruct the builders quite successfully.
Having this responsibility made him appreciate the application much better.

Results of the Questionnaires

After each group had experienced the three stages of training, we asked them some
questions as part of self-reporting. Considering their roles, we divided the users into
two groups: engineers and officers, and builders and foremen. While more people
joined the tests, we decided to interview 6 people from each group, thus 12 people in
total. A face-to-face interview was conducted after each group had finished building
their panels (Fig. 54). The users were informed that the data collected from the ques-
tionnaires would be used for research, while their identities would remain anonymous.
All of the users have defined their home countries as the Philippines. Personal infor-
mation such as age, gender, spoken languages, profession, fabrication experience,
smartphone experience, and AR experience was collected for each group. The ques-
tionnaire included two parts: open-ended opinion questions and linear scale questions
from 1 to 4. Appendix A.4.3 contains the answers to all questions. However, since
many questions are directly open-ended to get different perspectives from users, and
since each answer varies slightly, we will attempt to interpret and deduce some results
from the answers in this section.

Figure 54: Interviews were done face-to-face in San Carlos.
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Engineers and Officers Although we have interacted with many engineers and of-
ficers at both Base Bahay and Habitat for Humanity, we have chosen to interview six
of them, as an equal number as builders and foremen. Some of the tests were con-
ducted at BIC (Fig. 55). Users ranged in age from 23 to 48, and there were equal
numbers of men and women. All users spoke English, so they could communicate
directly. A half of the users had a good understanding of construction and the panel
fabrication method used by Base Bahay, while the other half did not. The users were,
however, all extremely proficient with smartphones, and had some knowledge of aug-
mented reality.

Figure 55: Some tests with engineers were conducted at BIC.

• How easy or hard did you find it to understand how the app works?

At first, most users found it challenging, especially what to click on when
they wanted to find out something. Each time they used it, however, it
became easier once they became familiar with its functions.

• How long did it take to understand how the app works?

The answer to this question ranged from a couple of minutes to less than
an hour. Nonetheless, we can approximate that most users thought it
would take between 10-15 minutes to figure out how to use the app.

• What differences did you see between using the app individually and in a group
with a leader?

Most users have expressed that they find the first step conceptually more
helpful when figuring out the app, and the second step more helpful when
building it. The majority of users mentioned that having only the chief with
a phone during building was a good idea since multiple users with apps
would be too complex.
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Age Gender Language Profession Fabrication
Exp.

Smartphone
Exp. AR Exp.

24 Female

English,
Filipino,
Bisaya,
Hiligaynon

Quality Con-
trol Officer 1 3 2

36 Male
English,
Filipino,
Hiligaynon

Head of tech-
nical support
engineering

3 3 1

36 Female
English,
Filipino,
Cebuano

Technical
support engi-
neer

3 3 2

48 Male English,
Filipino

Head of Train-
ing 3 3 2

24 Female
English,
Filipino,
Chinese

Civil engineer 1 3 2

23 Male English,
Filipino

Research and
development
engineer

1 3 1

Table 1: Engineers’ and officers’ personal data.

• What are your opinions about integrating the app into the training and building
process?

Some users had concerns about the integration into the building processes,
especially regarding builder adoption and the changeability of workplaces,
even though all users found the tool helpful for training, especially for new-
comers.

• Did the app meet your expectations before you started the project? How was it
different?

In spite of the fact that almost all users said their expectations were met,
some felt that some instructions and quality control functions were missing.

• Please feel free to share any additional ideas and opinions to improve our
project together.

The building plans have been noted by most users to have missing steps
and wrong points, which are corrected after the tests. In terms of improve-
ments, some recommendations were made regarding the placement of
tags using stickers, finding more elevated ways to explain difficult concepts
like bamboo selection, and having fixed information and video bubbles so
they are easier to understand.
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Builders and Foremen The new contractor group in San Carlos provided us with
the opportunity to work with six builders and foremen. All of them were skilled builders,
but they had no experience with panel fabrication, so they had to learn it for the next
stage of construction. They were also very enthusiastic about using the app. Builders
ranged in age from 22 to 37, all of whom were male. As only a few spoke English,
interviews were mostly conducted through a translator, resulting in the possibility of
some information being lost. They seemed overly positive during the interview, even
though it was explained they would be anonymous. In the setting of a face-to-face
interview with a site engineer acting as translator, it might not have felt anonymous.
As a result, the builders might have felt pressured to give affirmative responses. The
commentary will attempt to balance this out through observations.

Age Gender Language Profession Fabrication
Exp.

Smartphone
Exp. AR Exp.

33 Male Filipino,
Bisaya

Carpenter,
New in fabri-
cation

2 1 1

39 Male
Bisaya,
Cebuano,
Hiligaynon

Carpenter,
New in fabri-
cation

2 3 1

22 Male Cebuano
Carpenter,
New in fabri-
cation

2 3 1

32 Male Filipino,
Cebuano

Steelman,
New in fabri-
cation

2 1 1

37 Male

English,
Filipino,
Bisaya,
Cebuano

Contractor
supervisor,
New in fabri-
cation

2 3 2

32 Male Filipino,
Cebuano

Carpenter,
New in fabri-
cation

2 3 2

Table 2: Builders’ and foremen’s personal data.

• How easy or hard did you find it to understand how the app works?

A majority of users responded that it was easy, while some said it was
challenging at first.

• How long did it take to understand how the app works?

In contrast to engineers and officers, builders gave a longer period of time
between 30 minutes and one week. It is possible that the builders ap-
proached the subject more as when they get fully familiarised with the app
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rather than simply being able to use it, since on average, they showed
similar learning behaviour with the engineers.

• What differences did you see between using the app individually and in a group
with a leader?

The responses to this question varied, with some users describing both
as easy, while others stating that using the app individually was better
for understanding, and a few stating they prefer getting instructions from
someone who uses it.

• Extra question for builders: How did you find using commands coming from
someone using the app compared to plans?

A large majority of users have expressed that they understand instructions
better when the chief uses an app rather than reading from a plan, since
the app includes visual elements such as 3D models, dimensions, images,
and videos. This was also visible from the observations, as the builders
would often look at the chief’s phone to better understand the instructions
they were giving (Fig. 56). Furthermore, they mentioned that it is faster
because the incon building plan was specifically designed for the panel
they were working on, so they don’t have to go through pages of plans.

Figure 56: Builders would sometimes check-out the chief’s phone to better understand
the instructions they were giving.

• What are your opinions about integrating the app into the training and building
process?

According to users, this method is easier for them, thus it would be nice to
integrate it into the building process.

• Did the app meet your expectations before you started the project? How was it
different?
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Users have expressed that their expectations were met, since they thought
they got all the instructions they needed from the presentation. From the
presentation, some thought the app would be hard and complicated, but
after using the app, they realized it was actually very simple and straight-
forward.

Linear-scale Questions for Both Groups Linear-scale questions were more ori-
ented towards understanding the use of learning and UI elements. Bar graphs com-
bining the answers of 12 users are shown along with overviews of the answers.

• Could you get a good understanding of the building process of a bamboo panel
from the app?

Building a panel at the end of each group was a positive experience for
most users, although it was clear that some missing or unclear steps from
the building plan has affected the users.
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• Is it easy to understand what to do in each step?

The majority of users said the steps were simple, however it was clear
from observations during the building that some users were confused and
needed further explanations. Building plans are altered to add these ex-
planations.
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• Is it enjoyable to use?

Almost all users have commented that they have enjoyed the app, espe-
cially the builders.
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• Could you understand clickable information and video bubbles, and use them
for the learning process?

Initially, users had some trouble figuring out the purpose of icons and bub-
bles, but once they did, they used them fluently.
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• Did you find the ”action map” useful?

The action map has been used quite a bit by users, especially to jump
larger amount of steps.
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• Did you find the ”virtual mode” useful to get an overview?

On the negative side, many users had difficulty figuring out the virtual
mode, but those who did effectively used it.
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5.3.4 After the Tests

After returning from the field trip, a set of alterations has been made to the building
plans based on feedback from engineers. The building details have been corrected
and the steps have been reorganized. Action bubbles were reintroduced to the actions
that needed further explanations. The final version of the building steps can be found
in Appendix B.

In the wrap-up meeting with Base Bahay, it was agreed to introduce the app with
updated building plans to the training program from September on. The goal at this
stage will be to enhance training processes and, as a result, improve quality. The app
will be used to introduce the new contractors to panel fabrication during the second
phase of construction at the San Carlos site. A second step will be to use the app
on other sites where housing units are similar. Surveys will also be conducted during
roll-out to collect detailed information on process improvements. Throughout the next
few months or up to a year, detailed information will be collected on the outcomes of
these stages.
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6. Findings

As the project evolved, including testing, roll-out, and long-term use, measurements
were used to improve and enhance the design and methods of application. The mea-
surement process began with the preliminary tests, followed by an assessment at
the field study site. The results of the field study showed us just how crucial it is to
cleanly integrate the newly-adopted technologies into existing programs, without forc-
ing or changing them, but by supporting them. This integration was therefore achieved
through the development of a program together with the Base Bahay team. On the
other hand, the builders’ enthusiasm and rapidly developing skills regarding the use
of AR also showed us the positive social aspects of encouraging and uplifting through
new technologies.

6.1 Uplifting the Builders through AR, Technology, and

Training

Although concerns have been raised regarding the builders’ and foremen’s adoption of
these new technologies, they have demonstrated enthusiasm and interest in learning
the AR app (Fig. 57). Smartphones and the internet’s ubiquity and accessibility, while
varying among the different age groups, have proven to create a kind of digital literacy
that builders can apply to the new tool they are introduced to. This is even more
obvious given that traditional representation methods like plans and drawing are only
legible to specific professionals, while the visual nature of AR apps allows many to
get a level of understanding of the information without much need for learning. Being
fully proficient still requires time and practice, however, being able to understand some
levels even without doing so can inspire them to continue improving their skills further.

It is also no doubt that being given a tool with more access to information and
skills, gives the builders a sense of responsibility and encourages them to perform
better. The gained skills, self-confidence in AR, and some methods discussed, like
certification, can provide builders with support inside and outside of Base Bahay. It
can uplift and aspire builders to climb up in their careers from foreman to trainers
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or eventually higher-up positions. Due to their commitment to community uplifting
programs as well as the housing solutions, these ideas were also supported by Base
Bahay with the potential to integrate into their social programs in the future.

Figure 57: Builders using the app in San Carlos.

6.2 Integration into the Existing Programs

Integration into existing programs is divided into two sections: training and work pro-
cesses. Training makes use of the incon app as a learning tool, and tries to integrate
it into the existing program to teach the fabrication process of panels to new builders.
On the other hand, work processes include construction, in which the app can assist
and guide trained builders while continuously improving measures on processes, and
quality checks during fabrication.

6.2.1 Integration into the Training Program

The tests conducted at BIC and San Carlos were centered around training processes
since that was the main focus of the research and prototypes. The integrated training
program was developed real-life as the tests progressed, based on the findings from
our observations on how we wanted to conduct the tests. Ultimately, a three-step
training program was developed with the help of Base Bahay’s team, engineers, and
trainers: introduction, familiarisation, and application.

Introduction

Previously discussed in Section 4.2, the present program uses a presentation method
to explain the building process followed by a hands-on approach with instructions
given by the trainer using the plans. As the final version of the incon app includes all of
the information related to the building processes previously given in the presentations,
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the initial idea was to keep the presentation period as short as possible. Users must,
however, have a clear understanding of the app’s concept and how it facilitates work
processes before they begin using it. We, therefore, decided to include an introduction
to the features and functionalities of the incon app in the presentation, as well as step-
by-step instructions on how to use it.

The introduction presentation includes:

• Introduction to Base Bahay, the housing project, and the CBFT panel fabrication
method.

• Introduction to incon.ai, Augmented Reality, and Augmented Reality in training
and building processes.

• Step-by-step instructions of the app.

• Encouragement to use the app to understand the building process of the panel.

Users have reported that this has eased the process for them in the later stages of
their use of the app. With a clear idea of what the app should look like, and which
icons mean what, the users were more proficient from the start. However, in the
future, it might be possible to include these instructions in the app itself to bypass this
step.

Familiarisation

Cognitive learning includes users experimenting, analysing, evaluating and applying
individually with the tool they are interacting with (Bloom, 1975). In this way, the user
can get to know the app hands-on at their own pace. It was called the familiarisation
phase, as the users get to familiarize themselves with the app and the learning fea-
tures; they see the building steps, watch the videos, click information bubbles, and
learn about the points inside.

Familiarisation was done prior to the building of the panel during the user testing in
San Carlos. The users were given a phone with different building plans and guided to
the worktable, where they could visualize the digital model of the panel using the app.
They worked on the same building plan as the panel they would build next. Thus, they
got the chance to familiarize themselves with the panel they will build in addition to
the app itself.
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Features of the familiarisation phase are:

• Each user uses the app individually on the worktable to discover its features of
the app.

• No building during the app use.

• Not synchronised with other phones.

• Sequential building steps.

Application

Another key step in learning experiences is gaining the psychomotor skills, which
involves gaining skills hands-on by performing complex tasks (Harrow, 1972). This
stage allows users to experience how construction operations are applied in the real
world. As with existing training, builders build panels together, but instead of plans,
the leader instructs them using the incon app. To avoid conflict between users at
this stage, only the leader uses the phone, as per our initial testing. This is also an
opportunity for the builders to practice the distribution of roles during the work process.

As indicated by the results of the user tests, the app was highly beneficial to builders
who did not use it during the application process, but rather built the panel. They said
they could check the leader’s phone when necessary to get a better sense of the task
since the app is visually more indicative than the plans. Here it also became apparent
that the previous familiarisation phase was helpful, since the builders were already
familiar with the app and knew how to use it, thus making the communication between
them and the leader much smoother. Using the app also benefits the leader, since
they don’t have to memorize all of the steps, but can simply follow along. It prevents
the leader from teaching the builder the wrong step, thus preventing mistakes later
in the fabrication process. In this way, quality improvement can begin even before
construction operations start.

Features of the application phase are:

• The leader uses the app and instructs the others to build.

• Building during the leader’s app use.

• Synchronised with other phones.

• Sequential building steps.
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6.2.2 Integration into the Work Processes

Although the incon app has not yet been directly tested in the work processes, the
results of the application phase can provide some insight. As fabrication occurs at
the same location with worktables and a group of approximately four builders, work
processes can be carried out similarly. Over a longer period of time, chiefs, site
engineers and the head of training can measure the improvements that result from
integrating the app into work processes.

During Construction

While both the application phase of training and construction processes produce pan-
els, the primary difference is that in training, builders must understand each building
step in detail, while in construction, they must produce high quality panels as quickly
as possible. Hence, the action map implemented as sequential building steps in the
incon app are beneficial for learners in training, since they can follow them easily.
During the construction process, however, builders multitask by performing several
tasks at the same time. Therefore, the graph-based action map fits into the real-life
building scenario better, as building steps do not develop sequentially, but instead are
interconnected in many different ways. Representation of the action map in the incon
app will therefore be discussed further in the future.

Features of the building phase are:

• The leader uses the app and instructs the others to build, and assign tasks to
them, while others can use the app to observe.

• Building during the leader’s app use.

• Synchronised with other phones.

• Non-sequential building steps, multi-tasking. - finding: network structure

Quality Checks

User tests revealed that quality checks were one of the main expectations of many
users. While quality control as another step later post-fabrication is discussed in Sec-
tion 7.3, another option is to have quality checks during the construction. In addition to
the chief handling the app on a worktable, site engineers can control multiple tables
to conduct quality checks on the panels as they are being built. The reporting tool
in the incon app can be used to generate regular reports. Regular checks and more
control over the fabrication process can help Base Bahay assess success by reducing
fabrication mistakes.

67



6.3 Importance of Tag Placement Strategy

Having a good strategy for QR tag placement and calibration prefabrication is critical
for the user experience, as seen in the results of the user tests. Although initially
thought of as a quick task, during the first test in San Carlos, the users got caught
up in calibration settings, which were explained to them previously during the presen-
tation. Being a complicated matter and requiring fine tuning, it was decided that the
placement and calibration the QR tag would be done by only a single person from
then on and removed from the presentation. Moreover, if it is not clearly defined, even
placing the QR code may become a challenge for the Base Bahay team in the future
without the assistance of the incon team. Therefore, it is decided that a system will
be developed and exercised together with the Base Bahay team.

Engineers and supervisors on site will be responsible for this task. As a first step,
they will place the QR tags, designed as stickers that match the shape of the work
table, into their places before fabrication begins. They will calibrate the digital model
using incon app’s calibration tool through a separate building plan, which will later be
hidden from other users. While the system has not yet been tested, it is expected to
be tested during the roll-out.

68



7. Outlook

As part of the ideation, prototype, and testing phases, many ideas were considered
and discussed by the team. During development, however, some of them were disre-
garded due to project scope and others due to timing considerations. Particularly after
the tests in San Carlos, many additional features were brought to the table regarding
the enhancement of long-term usability. As part of this section, we document these
ideas and how they can assist the engineering and construction teams in embracing
the AR app.

7.1 Usability in Long-term

As mentioned in the last section, an essential question that was reexpressed during
the tests was how to get users at different levels to adopt the app into their current
programs. As the training app has been developed now, and got positive feedback
from the initial testers, the challenge now is to have consistency in the long-term
use of the app to redeem it successful. For this cause, we should consider that
different phases of construction like training, building etc. would solicit different levels
of participation from users, as well as different users would necessitate different types
of incentivisation and engagement. In the following sections, different methods that
came up during different times of development will be discussed for a potential use in
future projects.

7.1.1 User Levels

Based on the training integration method we developed with Base Bahay training
team, it is also good to state that integration of user levels can enhance this pro-
gram. During different phases of construction, such as training, building, quality, etc.,
different levels of users are involved. User abilities and gamification elements can
vary from level to level.

Differentiating between levels of users and their abilities can be achieved through
the development of a systematic approach. In the familiarisation level of training (de-
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tails in Section 6.2.1), learners are users who use the app strictly for learning pur-
poses. As these users move forward to the next stage of training by building the
panel as a group (details in Section 6.2.1), they either become the chief instructing
the other builders for each step of the building or build the panel themselves. Users
can exchange this task. Later during the building stage, the builders can use the app
simultaneously through a builder level. As users complete tasks, take part in quality
checks, etc., they earn points and level up, as well as certificates for their achieve-
ments.

Learner

• Builders’ beginner level.

• Used during the familiarisation level of training.

• Used individually, unsynchronised.

Note: Unsynchronised means that the user does not have to keep up with the
other users through the app, and can change the building steps freely.
This allows the user to take their time discovering the app and the building
process without the stress of catching up.

• No ability to turn off additional information, all has to be there.

Note: All learning elements such as information bubbles, video bubbles, dimen-
sions have to be turned on.

• No ability to calibrate the 3D model according to the QR tag.

Builder

• Builders’ levelling up from the learner level.

• Used during building, and potentially quality control.

• Used together, synchronised.

Note: Synchronised means that all builders work at the same building step,
and cannot change the building steps freely. The builders have to follow
the chief’s lead.

• Ability to turn off additional information.

Note: Learning elements such as information bubbles, video bubbles, dimen-
sions can be obsolete at this stage, where builders already have been
trained for the fabrication task.
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• No ability to calibrate the 3d model according to the QR tag.

Chief

• Builders’ levelling up from the builder level, engineers, supervisors.

• Used during the application for training, building, and potentially quality control.

• Used together, synchronised.

Note: Chief here has the ability to change the building steps freely, where the
builders have to follow their lead.

• Ability to turn off additional information.

• Ability to calibrate the 3d model according to the QR tag.

Note: As mentioned in Section 6.3, QR tag placement and calibration takes a
considerable amount of time and effort, therefore this task is assigned to
the chief in position.

Although this is initially how the levels of users have been differentiated, as staged
learning develops further, this leveling can become more detailed and tailored to the
particular task at hand.

7.1.2 Multi-tasking during Construction

It has been mentioned earlier that during the construction process, actions are not
performed sequentially, but rather are divided into tasks among the builders. Using
the app for this purpose, in the future, these tasks can be assigned to different builders
to be performed simultaneously, thereby distributing work-power handling. The builder
groups can also benefit from improved time management and quality control.

7.1.3 Gamification

Ideally, gamification elements can improve user adaptation to apps. As part of the
training process, some gamification elements like points and awards were designed
as detailed in Section 4.4.2. In the long run, these processes can be extended to
include building and quality control. As builders use the app over time, features such
as earning points for participating in many tasks, completing them correctly, noticing
errors, or submitting reports of panels without errors can encourage them to keep
using it.
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Figure 58: Gamification Features

7.2 Maintenance in Long-term

An important point that came up during the meetings with the design team of Base
Bahay, was how to keep the building plans updated, both concerning the design and
the building process. As of now, it has been agreed that CAD files will be received from
the design team, and the building plans will be generated semi-automatically using
the grasshopper Python script (details in Section 4.5). Building process changes are
reflected in the building plan by making changes to this Python script. While this
is an effective process in the short run, it may pose problems in the long run when
building steps change, and the incon team has to adapt the building plans, even after
the Base Bahay team starts working independently. Therefore, a system where the
design team has control over uploading their own files and getting to plan out the
building steps would be desired.

7.2.1 Website for Project Management

The current website of incon allows users to upload .ifc models and get a generic
building plan through all the objects included in the model. However, in a complex
building process, as of the panel fabrication, currently this is not possible. Hence, an
optimal solution would be that the design team could upload .ifc models to the website
and get to design their building plan on the website themselves. In this direction, a
mockup website UI has been designed that the project managers can use to add
projects, and manage active projects to track their progresses (Fig. 59).
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Figure 59: Website Management Architecture.

Projects

Project manager can use the Projects page to view all the projects that have been
uploaded to the system (Fig. 60), and add new projects by uploading the .ifc model of
the project and naming them (Fig. 61a).

Figure 60: View Projects.

After the project has been uploaded, the project manager can add description to
the project and choose one of the existing building plan generators for each panel
(Fig. 61b). If there is no existing building plan generator, or the manager chooses to
make a new one, they can create a new building plan generator. The building process
of the panel is designed within the building plan generator. The manager would first
name the generator, then add the building steps according to the process they desire
(Fig. 61c).
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(a) Add new project.

(b) Add project details.

(c) Add building plan generator.

Figure 61: Project Management.
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Each building step would also have to be named, which would be the first thing to
show up as the user later on jumps between steps in the app. Manager can also add
a description, and add as many of the instructions as needed (Fig. 62). Currently, the
instructions have been designed as: Place or Fix Element Instruction, Video Instruc-
tion, Dimension Instruction, Hole Instruction, Cut or Prepare Element Instruction, and
Information Point Instruction. Information regarding each of these instructions has
to be filled to be added to the building step. These instructions can be extended or
further developed later in the future.

(a) (b)

Figure 62: Add building steps with correct instructions.

Active Project Management

The current website of incon is synced with the building plans of users, meaning each
change of step or report can be tracked through the website. This could be potentially
improved by being able to see the whole housing unit project as an active project (Fig.
63a), and track the building plans of each panel in their to-do, in progress, completed
state (Fig. 63b). While the website can be then also used for assigning the building
plans to users, as well as assigning workspaces for tag placement, the manager can
also track the reports through the progress of the panels (Fig. 63c).

As the current timeline is too short for conversion from CAD to BIM for the Base
Bahay team, and development of this website, it has been also agreed that this project
would be a next step in the collaboration of Base Bahay and incon.
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(a) View active projects.

(b) Track active projects.

(c) Follow changes and reports.

Figure 63: Active Project Management.
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7.3 Quality Control

During our interactions with the site and office engineers, many expressed an interest
in using the app for quality control. While a key objective of this project is to have
quality checks on panels during fabrication in order to prevent errors before they are
deployed on-site, engineers still sought to have a system where they could visualize
the complete housing unit on-site, which they could use to ensure that all necessary
parts are completed. Their opinion is that this would become especially useful for
remote projects in other parts of the Philippines and even the world, where inspections
could be conducted remotely during and after construction.

During the site visit in San Carlos, this was tested by simply overlaying the digital
model of the whole housing unit on a house under construction (Fig. 64). Even without
any actions regarding the building process, the visual comparison alone allowed for
some errors to be detected.

Figure 64: Digital model of the whole housing unit overlaid on a house under con-
struction through the incon app.

Currently, while the incon app offers a reporting tool, for effective, real-time quality
control between the construction site and the main offices, a dedicated system has
to be established. In this regard, this type of project where quality control is the main
purpose can be another collaboration between incon.ai and Base Bahay in the future.
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A. Case Study Appendix

A.1 Early Experiments Appendix

Report on the experiment in Zurich can be found here:
https://github.com/augmentedfabricationlab/bamboo assembly/tree/master/results/Early%
20Experiments

A.2 User Test 1 Appendix

A.2.1 User Test 1 Questionnaire

Results of the User Test 1 Questionnaire with incon.ai can be found here:
https://github.com/augmentedfabricationlab/bamboo assembly/tree/master/results/Preliminary%
20Studies/User%20Test%201

A.3 User Test 2 Appendix

A.3.1 App Demonstration Videos

Demonstration videos of the prototype app during User Test 2 can be watched here:
https://github.com/augmentedfabricationlab/bamboo assembly/tree/master/results/Preliminary%
20Studies/User%20Test%202

A.3.2 User Test 2 Questionnaire

Results of the User Test 2 Questionnaire with Base Bahay can be found here:
https://github.com/augmentedfabricationlab/bamboo assembly/tree/master/results/Preliminary%
20Studies/User%20Test%202
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A.4 Field Study Appendix

A.4.1 Introduction Presentation

Introduction Presentation to the Field Study can be found here:
https://github.com/augmentedfabricationlab/bamboo assembly/tree/master/results/Field%
20Study

A.4.2 App Demonstration Video

Demonstration video of the incon app for the Field Study can be watched here:
https://github.com/augmentedfabricationlab/bamboo assembly/tree/master/results/Field%
20Study

A.4.3 Field Study Questionnaire

Results of the Field Study Questionnaire in the Philippines can be found here:
https://github.com/augmentedfabricationlab/bamboo assembly/tree/master/results/Field%
20Study
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Field Study

Timestamp 2022/08/17 4:09:32 pm EET2022/08/17 5:01:37 pm EET2022/08/17 5:06:21 pm EET2022/08/17 5:11:14 pm EET2022/08/17 5:16:05 pm EET2022/08/17 5:32:15 pm EET2022/08/18 12:01:28 pm EET2022/08/18 12:07:23 pm EET2022/08/18 12:11:30 pm EET2022/08/18 12:14:24 pm EET2022/08/18 12:32:51 pm EET2022/08/18 12:36:49 pm EET

All data collected including personal information such as 
age, background and personal experience will be completely 
anonymized, so that it can no longer be assigned to you. 
Participation in this research project is entirely voluntary, so 
you can stop the study at any time. However, your 
participation will only help us if you complete the whole 
study. Do you consent?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Age 24 36 36 48 24 23 33 39 22 32 37 32

Gender Female Male Female Male Female Male Male Male Male Male Male Male

Country Philippines Philippines Philippines Philippines Philippines Philippines Philippines Philippines Philippines Philippines Philippines Philippines

Language English, 
Filipino, 
Bisaya, 
Hiligaynon

English, 
Filipino, 
Hiligaynon

English, 
Filipino, 
Cebuano

English, 
Filipino

English, 
Filipino, 
Chinese

English, 
Filipino

Filipino, 
Bisaya

Bisaya, 
Cebuano, 
Hiligaynon

Cebuano Filipino, 
Cebuano

English, 
Filipino, 
Bisaya, 
Cebuano

Filipino, 
Cebuano

Profession / Role in training & building program HfH Quality 
Control 
Officer

Head of 
technical 
support 
engineerin
g at Base

Civil 
engineer, 
Technical 
support 
engineer at 
Base

Head of 
Training at 
Base

Civil 
engineer, 
New in 
panel 
fabrication 
and 
constructio
n

Research 
and 
developme
nt engineer 
at Base, 
New in 
panel 
fabrication

Carpenter, 
New in 
fabrication

Carpenter, 
New with 
fabrication

Carpenter, 
New in 
fabrication

Steelman, 
New in 
fabrication

Contractor 
supervisor, 
New to 
fabrication

Carpenter, 
New in 
fabrication

Linear Scale: 1 (no experience) - 3 (experienced)

How experienced are you with mobile phones? 3 3 3 3 3 3 1 3 3 1 3 3

How experienced are you with Augmented Reality (AR)? 2 1 2 2 2 1 1 1 1 1 2 2

How easy or hard did you find it to understand how the app 
works?

It seems 
like a 
struggle at 
first, but 
with time 
you can 
adjust to it 
with the 
app.

First it is 
the 
calibration 
is a bit 
challenging
.

Quite easy 
to figure 
out.

Familiarizat
ion was a 
bit 
challenging 
at the start, 
especially 
what to 
click for 
something 
that you'd 
want to 
find out. 
But once, I 
got the feel 
of its 
functionaliti
es, it 
becomes 
easier each 
time.

Interface 
and icons 
are easy to 
find. It is 
usable as a 
first timer.

Was easy 
to 
understand
, 
everything 
is laid out 
to follow, 
especially 
the 
placement 
of things, 
like holes 
etc.

Easy. It is easy 
learn.

It is easy to 
understand 
with hands 
on training, 
it takes 
practise.

Not easy or 
hard but in 
between.

Hard at 
first but 
once 
understood 
then easy.

Easy.

How long did it take to understand how the app works? 15-30 
minutes

After the 
initial 3 
times or so 
you 
understand
.

2 scanning 
times -> 
10-12 
minutes

An hour or 
less

Less than 
10 min.

15 min. 30 minutes 1 week 1 day. 1 week. 30 minutes 
- 1 hour.

30 
minutes.

What differences did you see between using the app 
individually and in a group with a leader?

It seems 
easier 
when you 
have a 
leader than 
working 
individually
.

First part is 
more 
visual, and 
the second 
part is 
more 
instruction
al. 
Especially 
on the 
quality 
side.

Easy to 
figure it 
out, but 
with a 
group it is 
a bit 
challenging
. As a 
female, it is 
a bit hard 
to 
convince 
people the 
correct 
way to drill 
but this 
way you 
can show it 
in the 
video.

Individually
, one gets 
to 
manuever 
around the 
app's 
functionaliti
es 
independe
ntly, 
particularly 
to 
emphasize 
those 
sections 
that one 
would 
need to 
facilitate 
the task at 
hand. 
When in a 
group, 
everyone is 
synchroniz
ed to the 
task at 
hand. This 
is 
particularly 
good if the 
leader and 
his group 
is focused 
on a single 
task that 
they have 
to achieve 
together 
especially 
sequentiall
y. 

First part, 
giving 
more 
general 
idea, more 
conceptual
, whereas 
second 
part, it was 
easy to 
know 
which 
button to 
press. 
There is a 
little gap 
between 
having 
instruction
s to use it, 
there is still 
a learning 
curve.

It would be 
difficult, if 
everyone 
had the 
app, cause 
you got to 
be 
coordinatin
g, so it is 
easier 
when one 
person to 
has the 
app to 
instruct the 
others for 
the 
workflow.

It is easier 
to 
understand 
the app 
when used 
individually. 

Individually 
hard, but 
as a group, 
it is easy, 
so a leader 
can be 
followed.

Individually 
it was 
hard, but 
with 
practise it 
can be 
easy, and 
also with a 
leader it is 
easy. 

Prefer with 
someone 
instructing.

Easy and 
smooth to 
understand 
during the 
familiarisati
on.

Both easy.
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How did you find using commands coming from someone 
using the app compared to plans? 

- - - - In terms of 
compactne
ss, easier 
to hold the 
app 
instead of 
plans. But 
now during 
fabrication, 
cause in 
the plan, 
you are 
holding, 
electrical, 
mechanical 
parts etc. 
so these 
are not in 
the app. 
easier to 
visualise 
using the 
app 
compared 
to the 
building 
plans like 
bolts 
should be 
on the side 
or top, with 
arrows 
compared 
to the 
pages with 
2d 3d 
renders 
etc.

It is also 
boiled 
down to 
experience
. If the app 
is known, it 
is easy to 
visualise. 
Since 
reading 
plans is 
time 
consuming
, app can 
help. But if 
you are 
starting 
fresh it 
could be 
harder. The 
first part 
helped, 
cause you 
could 
visualise 
the 
instruction.

Easier than 
someone 
who is 
reading 
from plan 
and giving 
instruction
s.

It is easy to 
use the 
plan 
compared 
to the plan, 
as in the 
app you 
can see 
videos and 
visual 
things.

I prefer 
with the 
app, cause 
I will 
understand 
better.

It is better 
to have the 
app. Using 
the app, it 
is easier to 
understand
. 

Using the 
app, it is 
easy to 
understand
, easy 
access to 
the app 
rather than 
the plan 
since it is 
only with 
one click, 
while with 
plan you 
have to 
read and 
change 
pages.

It is very 
easy with 
app, cause 
in the app 
it is 
intended 
for the 
specific 
panel that 
is on the 
table.

What are your opinions about integrating the app into the 
training and building process?

Seems 
very helpful 
it comes to 
training, 
and can be 
referenced 
when 
working 
with a 
group.

Very 
helpful for 
the first 
time, 
especially 
for 
newcomer
s like 
today.

It is a big 
help, it 
makes the 
training 
very simple 
and 
understand
able, and 
helps as a 
guidance, 
no need to 
read the 
plan, and 
just scan 
and 
automatica
lly see 
what panel 
to inspect. 
Efficient 
and easy 
to use.

First, the 
integration 
can 
facilitate 
these 
endeavors, 
making the 
process 
more 
visually 
engaging 
with an 
added 
support 
system 
that could 
function as 
a quality 
checking 
tool for the 
intended 
output.

It is helpful, 
in training 
engineers, 
and 
architects, 
but the 
actual 
laborers, it 
will be hard 
to ar, 
especially 
in the 
philippines, 
especially 
hard to 
hold the 
phone,but 
when 
carlos 
need the 
help, and 
you gotta 
put down 
the phone, 
cause it 
records 
another 
hand. The 
app is a bit 
wordy, 
even some 
missing 
info is in 
the app, 
the reading 
would be 
hard to 
read. 
Especially 
in the 
constructio
n, the 
reporting 
will take 
time, 
especially 
during 
constructio
n time is 
very 
important.

Training 
will be 
good, to 
understand 
the app. 
However, 
for the 
actual 
building it 
could be 
hard, 
cause on 
site things 
can 
change 
and some 
things are 
very 
specific 
and easily 
change. 
But as the 
chief/
engineer 
uses the 
app that 
will be 
better for 
the flow, 
rather than 
everyone 
having the 
phone to 
use.

It's okay 
because it 
makes it 
easier for 
them. 
Because 
some 
people 
don't know 
how to 
read the 
plan, 
compared 
to 
someone 
who knows 
how to 
read the 
plan. It is 
easier, 
cause the 
chief 
knows 
both, so 
it's a good 
combinatio
n, cause 
they can 
read and 
give 
instruction
s.Then no 
need for 
someone 
to go back 
and read 
the plan. 

Easy to 
integrate.

It is better 
for the 
execution 
of the 
constructio
n.

It is better 
to 
understand
.

Applying 
during the 
fabrication 
would be 
very 
helpful.

It is very 
good with 
the app, 
very helpful 
and a good 
guidance.

Did the app meet your expectations before you started the 
project? How was it different?

Yes. %20. 
especially 
the qc 
point.

Meets the 
expectatio
ns. QC 
check 
regarding 
material, 
tools, 
panels to 
build etc. 
Good 
guidance.

Yes. And i 
see other 
potentials 
as well 
where the 
app could 
be 
stretched 
to help in 
enhancing 
the 
building 
process. 

Yes. It was 
meant to 
build 
something, 
and we 
built 
something. 
The 
constructio
n seemed 
a bit hard, 
but that is 
understand
able as first 
timer.

Met in 
some, 
some not. 
It was met, 
you could 
see all the 
instruction
s, there 
were some 
instruction
s missing. 
Some 
things, we 
didn't 
know how 
to do like 
drilling.

Yes, since 
it was very 
similar to 
presentatio
n, it was 
easy to use 
the app.

After 
seeing the 
presentatio
n, the 
expectatio
n was how 
to 
understand 
to process 
the panel.

Especially 
with the 
use of the 
bolts in the 
panel, it 
met the 
expectatio
ns cause I 
wanted to 
learn this 
step.

Watching 
the videos 
etc. 
matches 
the 
presentatio
n.

During the 
presentatio
n I thought 
it was hard 
and 
complicate
d, but 
during the 
app it was 
easy to 
figure out.

During the 
presentatio
n, I think I 
got all the 
instruction
s I needed.
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Please feel free to share any additional ideas and opinions to 
improve our project together.

It's more 
on the 
calibration, 
only 
touching 
the 
reference 
point and 
be able to 
put the 3d 
model 
would be 
helpful. 
Calibration 
is a bit 
hard to 
orient, and 
takes a lot 
of time. 
Also 
bubbles 
can follow 
the 
camera, as 
it is hard to 
find them.

There are 
some 
missing 
parts of the 
building 
plan as 
well as the 
quality 
control 
sides. The 
tag can be 
some small 
sticker to 
fix over the 
wood part, 
and maybe 
used later 
during the 
installation 
part. Also 
would be 
nice to be 
able to 
name the 
panel, like 
panel 01-A, 
also for the 
quality 
check.

Drill and 
nail is 
missing as 
a step. 
First use 
drill bit. (10 
mm wood 
bit) Also 
panel 
installation 
could be 
added, 
especially 
the size is 
important 
when we 
need to 
inspect the 
height.

In building 
using 
bamboo, 
one of the 
challenges 
is to 
engage 
with a 
building 
material in 
its natural 
state... a 
rounded 
culm, with 
nodes and 
curvature. 

Related to 
this is to 
do 
fishmouth 
in bamboo 
joinery.


So if there 
is a way for 
the app to 
home in on 
these 
"challengin
g" features, 
and guide 
the leader 
and his 
team in 
handling it 
(like 
choosing 
the right 
bamboo 
given the 
curvature, 
allowed 
tolerance; 
right 
positioning 
on the 
panel; 
where to 
cut and 
drill based 
on nodes; 
where to 
cut for the 
fishmouth, 
and how 
the 
fishmouth 
part should 
be 
positioned 
properly for 
jointing), 
that would 
be a great 
improveme
nt in my 
opinion. 

The bugs 
would be 
nice to fix. 
Some 
instruction
s are 
supposed 
to be fixed, 
as well as 
some 
dimensions
. Maybe 
instruction
s could 
change. 
Process 
itself would 
be helpful 
in the 
videos. 
Reset 
button is a 
bit hard to 
understand
, the 
alignment 
goes off, 
when 
moving 
around.

Before, 
starting 
have a list 
of all 
material, 
like raw 
materials, 
or drills 
and tools 
list would 
be great. 
Also 
improved 
virtual 
model 
would be 
nice, 
especially 
in rotating. 

Easier 
since you 
can directly 
see the 
dimension 
over the 
model.

Linear Scale: 1 (not good) - 4 (very good)

Could you get a good understanding of the building process 
of a bamboo panel from the app?

3 3 4 4 3 4 4 3 4 4 4 4

Is it easy to understand what to do in each step? 3 4 4 4 3 4 4 3 4 3 3 4

Is it enjoyable to use? 4 4 4 4 4 3 4 4 4 4 4 4

Could you understand clickable info and video bubbles and 
use them for the learning process?

3 3 4 4 3 4 4 3 4 4 4 4

Did you find the "action map" useful? 3 4 4 4 4 4 4 3 3 3 4 4

Did you find the "virtual mode" useful to get an overview? 3 3 4 4 3 2 4 3 1 2 3 4

Extra notes: Action map 
is very 
important.

It's a great 
tool!

Very 
straight to 
the point. 
But some 
instruction
s are very 
complicate
d, 
especially 
as j-bolt 
was very 
wordy to 
understand
. 
Sometimes 
it is hard to 
understand 
where the 
bubbles 
are. VR 
mode was 
a bit 
buggy.

He could 
use the vr 
motions 
zooming in 
out with 
two finger 
well.

Overly 
enjoyable!

It is good!
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B. Building Actions Appendix

The final set of building actions used in the rollout is shown here.

Actions can have any of these attributes:

• Name of the action.

• text = Detailed instructions of the action.

• element type = Name of the element type to add as an object.

• hole type = Name of the element type to drill a hole.

• hole diameter = Diameter of the holes to drill.

• cut type = Name of the element type to cut.

• dimension type = Name of the element type to visualise its dimensions.

• video instruction = Url and position of the video bubble.

• text instruction = Text, image and positions of information bubbles.

• clickable instruction = Additional 3D model instructions.

Set of actions:

1. ”Start of Building”

• text=”Start the building process of the panel by following these instructions.
First, choose the correct materials for the panel.”

• text instruction=[”1”,”15”,”16”,”17”]

2. ”Cut & Drill Timber”

• cut type=”Timber”

• text=”Cut the timber plates using the dimensions below, and drill them ac-
cordingly. Paint them with the solution afterwards.”
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• video instruction=”https://storage.googleapis.com/base video clips/01.mp4”

3. ”Prepare Bolts”

• cut type=”Bolts”

• text=”Cut the bolts using the dimensions below, and prepare the J-bolts.
Don’t forget to grind the edges of the bolts and paint the nuts.”

• text instruction=[”4”]

• video instruction=”https://storage.googleapis.com/base video clips/03.mp4”

4. “Check the Worktable”

• dimension type=”Check”

• text=”Check if the worktable is set correctly by using the diagonal dimen-
sions. If not, advise your supervisor for a proper set-up.”

5. ”Place Timber”

• element type=”Timber”

• dimension type=”Timber”

• text=”Place timber elements to the positions as visualised.”

• video instruction=”https://storage.googleapis.com/base video clips/04.mp4”

• clickable instruction=”Clamp”

6. ”Draw Markings on Worktable”

• dimension type=”Worktable”

• text=”Put the measurement tape over the worktable and draw markings
using the dimensions.”

7. ”Check Holes in Timber”

• hole type=[”timber holes”]

• hole diameter=”bottom: 32mm, top: 28mm until half, 12mm all way”

• text=”Check if the holes in timber are at correct positions.”

• text instruction=[”5”]

• video instruction=”https://storage.googleapis.com/base video clips/06.mp4”

8. ”Mark, Cut & Place Bamboo”

• element type=”Bamboo”
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• cut type=”Bamboo”

• text=”Bring the raw bamboo studs to the positions on the worktable, align
the nodes correctly, and mark with a pen where to cut. Place the bamboo
to the correct positions after cutting.”

• text instruction=[”3”, ”6”, ”7”]

• video instruction=”https://storage.googleapis.com/base video clips/07.mp4”

• clickable instruction=”Red Bubble”

9. ”Drill J Bolt Holes in Bamboo”

• hole type=[”Bolt J”]

• hole diameter=”12 mm”

• dimension type=”Bolt J”

• text=”Drill holes in bamboo for J bolts with a 12 mm bit.”

• text instruction=[”10”]

• video instruction=”https://storage.googleapis.com/base video clips/09.mp4”

10. ”Drill Mortar Holes in Bamboo”

• text=”Turn the bamboo around, and drill 3 mortar holes in bamboo with a
25 mm bit. Click the red bubbles to see where to drill the holes according
to the bamboo nodes.”

• text instruction=[”8”,”9”]

• video instruction=”https://storage.googleapis.com/base video clips/08.mp4”

• clickable instruction=”Red Bubble”

11. ”Fix J Bolts”

• element type=”Bolt J”

• text=”Fix the J bolts as visualised using pre-painted nuts and washers.”

• text instruction=[”11”, “18”]

• video instruction=”https://storage.googleapis.com/base video clips/10.mp4”

• clickable instruction=”Red Bubble”

12. ”Drill and Nail Bamboo”

• text=”Drill and nail the ends of bamboo to the timber.”

• video instruction=”https://storage.googleapis.com/base video clips/11.mp4”
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• clickable instruction=”Red Bubble”

13. ”Check the Dimensions”

• dimension type=”Check”

• text=”Check if the panel is straight by using the diagonal dimensions.”

14. ”Cut and Place Flat Bars”

• element type=”Reinforcement”

• dimension type=”Reinforcement”

• text instruction=[”12”]

• text=”Cut and place reinforcement flat bars as visualised.”

• video instruction=”https://storage.googleapis.com/base video clips/12.mp4”

15. ”Drill Holes at Flat Bar Corners”

• hole type=[”Bolt Corner”]

• hole diameter=”4 mm & 10 mm”

• text=”Drill holes at 25 mm from the flat bar corners, first with a 4 mm bit,
then widen with a 10 mm bit.”

• text instruction=[”13”]

• video instruction=”https://storage.googleapis.com/base video clips/13.mp4”

16. ”Fix Bolts at Flat Bar Corners”

• element type=”Bolt Corner”

• text=”Fix the flat bar bolts as visualised.”

• text instruction=[“18”]

• video instruction=”https://storage.googleapis.com/base video clips/14.mp4”

17. ”Drill Holes at Flat Bar - Bamboo Intersections”

• hole type=[”Bolt H”]

• hole diameter=”10 mm”

• text=”Drill holes at the flat bar - bamboo intersections with a 10 mm bit.”

• text instruction=[”14”]

• video instruction=”https://storage.googleapis.com/base video clips/15.mp4”

18. ”Fix Bolts at Flat Bar - Bamboo Intersections”
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• element type=”Bolt H”

• text=”Fix the flat bar bolts as visualised.”

• text instruction=[“18”]

• video instruction=”https://storage.googleapis.com/base video clips/16.mp4”

19. “Actions after Installation on Site”

• element type= [”Bolt 150”, ”Frame”]

• text=”Later when installing the panels on site, you will place the window
and door frames to the positions visualised. For now, this step is skipped
on the table.”

20. ”End of Building”

• text=”You have successfully built the panel! Don’t forget to tighten the nuts
and cut the excess bolts before moving the panels to store them.”

91


