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Abstract

This study investigates the integration of
flowcharts and state diagrams into industrial
design, emphasizing their potential for design
planning, modeling smart product behavior, and
facilitating interdisciplinary communication. While
these tools are commonly utilized in engineering
and software, their application in industrial design
is explored through a case study of a smart desk
lamp. The process starts with storyboards for user
scenarios, followed by a comparison of flowcharts
and state diagrams. The tools are evaluated based
on interaction counts, time spent, and structure.
Results indicate that flowcharts effectively support
sequential planning, while state diagrams more
accurately represent condition-based behavior.
Their combined use provides both creative
flexibility and technical clarity.

Key Words: Flowcharts, State Diagrams,
Industrial Design Process, Smart Product
Behavior, Interdisciplinary Collaboration

Oz

Bu calisma, akis ve durum diyagramlarinin
endiistriyel tasarim siireclerine entegrasyonunu
inceleyerek, bu araglarin  tasarim siirecinin
planlanmasi, akilli - drin davranislarinin
modellenmesi  ve  disiplinler ~ arasi iletisimi
desteklemedeki  potansiyel ~katkilarini  ortaya
koymaktadir. Genellikle miihendislik ve yaziim
gibi teknik alanlarda kullanilan bu diyagramlarin,
endiistriyel  tasarim  baglamindaki  sistematik
ve islevsel kullanimi, ¢alismada bir akilli masa
lambasinin gelistirilmesine dayali bir vaka ¢alismasi
iizerinden ele alinmistir. Siireg, hikdye panolariyla
baslayan  kullanici  senaryosu  modellemesini
takiben, akig ve  durum  diyagramlarinin
karsilagtirmali  analizine  yonelmistir.  Araglar;
kullanici  etkilesim sayilari, siire olciimleri ve
diyagram yapisi  acisindan  degerlendirilmistir.
Bulgular, bu iki diyagram tiiriinin birlikte ve
tamamlayici sekilde kullaniminin tasarim siirecine
hem yaratici diigince hem de teknik netlik
sagladigini gostermektedir.

Anahtar Kelimeler: Akis Diyagramlari,
Durum Diyagramlari, Endiistriyel Tasarim
Siireci, Akilli Uriin Davranigi, Disiplinlerarasi
s Birligi

* Ozsoy, H., O. (2025). Using Flowcharts and State Diagrams as Tools for Industrial Design Planning of Smart Products. Sanat

ve Tasarim Dergisi, (36), 205-233.
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INTRODUCTION

In industrial design, especially when developing interactive or smart products,
tools that support structured thinking and clear communication are essential
(Self, 2012; Wang et al., 2023). This study investigates the use of flowcharts
and state diagrams by comparing them with the more intuitively visual
storyboard approach (Simon, 2012), seeking to establish a bridge between
visual narrative thinking (Campbell & McDonagh, 2009) and formal system
logic (Adelt et al., 2021).

The central research question addressed in this article is: “How do flowcharts
and state diagrams contribute to the industrial design process of smart products
compared to storyboards, and in what ways might they be more effective?” To
explore this question, a smart desk lamp was selected as the focus of the case
study.

Although diagrammatic tools are widely studied in engineering and software
development contexts, their systematic application within industrial design
remains relatively underexplored in the literature. This study aims to fill the
gap by exploring how these tools can not only support design planning but also
serve as a shared visual language to enhance interdisciplinary collaboration
(Kim & Lee, 2016; Micheli et al., 2012).

PRODUCT DESIGN PLANNING

Tools that structure thinking and enhance communication play a central role
in industrial design, especially when planning smart products with dynamic,
user-driven behaviors (Self, 2012). While storyboards have long been used as
a visual method for mapping user interactions (Simon, 2012), the increasing
complexity of today’s smart products has challenged their expressive capacity.
This section critically examines three tools—storyboards, flowcharts, and
state diagrams—not only in terms of their representational features but
also as cognitive scaffolds and shared design languages. Their comparative
potential is discussed through the lens of interaction design theory and system
modeling, including Norman’s execution-evaluation model and user-centered
design principles (Norman, 1988).

Storyboards

Originating in film and animation, storyboards are used to depict sequences
of interaction through visual narratives (Goldman et al., 2006; Simon, 2012).
In design, each frame illustrates a specific moment in a product-use scenario,
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such as part of a daily routine, often accompanied by annotations that convey
user intent or emotion (Truong et al., 2006).
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Figure |: Storyboarding for Product Design (Spencer, 2025)

As shown in Figure | (Spencer, 2025), storyboards have become common
in early-stage product development, helping designers empathize with users,
identify context-specific challenges, and frame the problem space (Ostlund,
2022; Rodda et al., 2022).

Despite their narrative richness, storyboards lack formal logic, making them
less suitable for modeling system-driven behavior. Their static and often linear
structure does not accommodate feedback loops, branching scenarios, or
algorithmic detail, which are central to smart product functionality (Wang
et al., 2024). According to Norman’s action cycle, storyboards visualize only
the “execution” of user goals, with limited ability to represent the system’s
internal “evaluation” processes (Norman, 1986, 1988).

Flowcharts

Flowcharts provide a structured method for representing the procedural
logic of a system (Weng, 2024). Initially developed for engineering and
business applications (Chinofunga et al., 2025; Hossain et al., 2024), they use
standardized symbols to depict processes, decisions, and transitions in a clear,
step-by-step sequence (Newman, 1998), as shown in Figure 2 (Creately,

2025).
‘ Process H Process

process -
Process }‘ Process

Figure 2: A sample flowchart that contains various processes and decisions (Creately, 2025)

Process }—7
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From a design cognition perspective, flowcharts serve as externalized mental
models, aligning with Norman’s concept of “knowledge in the world” (Doyle,
2002). They make procedural logic explicit and testable, facilitating iteration
and discussion across team members. While they answer the question, “What
happens next?”, they do not inherently capture the system’s current state or
its readiness for transition.

State Diagrams

A state diagram models the different states a system operates during its life
cycle, also showing the transitions between states and the events triggering
those transitions (Olivé, 2007). It begins with an initial state and progresses
through various transitions based on defined actions or events (Jacob, 1985),
like the possibility of a door being in three distinct states: open, closed, or ajar
(Ma & Yu, 1998). Actions such as pushing or pulling the door initiate transitions
between these states (Jacob, 1985). These diagrams are rooted in algorithmic
thinking, where problems are framed through a logical series of steps, inputs,
and outputs (Herman & Choi, 2017). This methodical structure enables the
modeling of complex functions (Kant, |1985).

state SO {
m7m 1/0 0/0 on 1 / output @ -> S1
m m on @ / output @ -> S2
}
state S1 {
on 1 / output 1 -> S1
on @ / output 1 -> Se
}
state S2 {
1]0 0;0 on @ / output @ -> S2
on 1 / output 6 -> S1
}

Figure 3: Left: State diagram with SO, S1, and S2 states. Each edge is labeled with “j/k”, where j
is the input and k is the output (“State Diagram,” 2025)

Right: The UML language representation of the same diagram (by the Author)

Figure 3 presents a typical example. On the left is a state diagram with SO, S1,
and S2 states, where each edge is labeled with “j/k,” denoting input and output.
On the right is the UML representation of the same model (“State Diagram,”
2025). States are illustrated as circles or rounded rectangles, with transitions
represented as arrows labeled by the triggering input (Jacob, 1985). Outputs
may also be indicated on these transitions (Koskimies & Makinen, 1994).
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User selects a product User remaves coins and can try again

Insufficient funds or produdt sold out

User removes coins and any inseried coins are returned

User confirms selection and product is dispensed

Change is calculated and retumed to user

O Final State
Figure 4: The state diagram of a vending machine (Vpadmin, 2023)

State diagrams can be created by hand or with digital tools such as Lucidchart
(Diagramming Powered By Intelligence, 2025), Draw.io (Draw.lo, 2025), or
UML software (Alhir, 2003), which provide predefined shapes and connectors.
Originally used in software and systems engineering, state diagrams remain
central in UML for structuring object behavior (Alhumaidan, 2012; Jager et
al,, 1999). They are also applied in electrical engineering, robotics, service
design, and healthcare, modeling system responses and task transitions as
shown in Figure 4 (Bagnati & Del Bello, 2024; Bowman, 2024; Guiochet,
2015; Konrad & Cheng, 2002; Palovuori, 2017; Willett et al., 2018). Generally,
a state diagram helps answer, “What condition is the system in, and what causes
it to change?” (Welte, 2009).

Operation of Flowcharts and State Diagrams

A virtual machine (Goldberg, 1973) running a flowchart executes the diagram
steps sequentially, and the program counter continuously increases, pointing
to the command being executed as long as the program execution continues
(Pavel, 1978). Therefore, flowcharts are generally accepted as more
appropriate for planning and documenting design procedures, production
steps, or administrative workflows that are inherently sequential (Granfelt,
2017). On the other hand, in a virtual machine running a state diagram,
the program counter, which changes millions of times a second, does not
necessarily affect the machine state (Millhouse, 2018). The machine waits in
a state for a specific input or event to immediately switch to any other state,
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not necessarily following any order or sequence (Shaw, 1992). This reduces
delays in system operations, making state diagrams beneficial in designing
smart, connected, interactive, and quick-responding entities (Basheri, 2010).

The planning of design procedures and the specification of product behavior
in smart products constitutes a particularly suitable context for the integrated
application of flowcharts and state diagrams (Helin et al., 2007). Exploring
potential alternative uses for them requires a clear understanding of their
differences, allowing industrial designers to choose the most appropriate one
based on the specific nature of the tasks they intend to perform (Self, 2012).

Application to Design Process

Industrial design involves structuring design problems to make them
more understandable and solvable (Jonassen, 2000). The design process is
inherently complex, systematic, and iterative, encompassing multiple phases
(Wynn & Eckert, 2017). These phases, outlined in Table |, include tasks such
as problem identification, data collection, concept development, feedback
integration, and implementation (Giuliani et al., 2024).

Design Phase Description
Research Collecting user needs, trends, and technical constraints.
Ideation Brainstorming, sketching, and generating alternatives.
Concept Development Selecting ideas, making mockups, or low-fi prototypes.
Detail Design CAD modeling, selecting materials, form/function refinement.
Prototyping Building physical or digital prototypes.
Testing Usability testing, refinement, and feedback loops.
Finalization Preparing for production or presentation.

Table |: Basic phases of the industrial design process

The designer can treat each phase of the design process as a “step” or “state”,
while transitions represent actions, decisions, or conditions that move him/
her from one to another.
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Figure 5: Flowchart(left) and state diagram(right) of the basic design process (Author’s drawings)

This systematic approach is suitable for utilizing new tools, such as flowcharts
and state diagrams, to visualize and test the behavioral aspects of software-
based smart products, revealing hidden inconsistencies and assisting teams
in making clearer decisions more quickly. The alignment of these tools with
software and physical modeling techniques also enhances communication
among industrial design, engineering, and programming teams who need to
work collaboratively, facilitating more informed cross-disciplinary decision-
making during smart product development.

Application to Products Being Designed

If directly applied to product designs, flowcharts, and state diagrams may
serve distinct but complementary roles in shaping logic and functionality
(Harel, 1987). Flowcharts can be useful for mapping out the internal processes
of a product, such as the steps a smart appliance follows when executing a
cleaning cycle or the startup routine of an electronic device (Shina, 2012).
They can also help identify input/output relationships, operational branches,
and sequences that must be logically ordered for the product to function
(Vegte & Breemen, 2009).

State diagrams, on the other hand, can model a product’s behavior by
transitioning between different operational modes in response to contextual
changes or user interactions, such as handling interruptions and managing
sensory data (Garzon & Louis, 2020). They can be essential for designing
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functions where transitions do not occur with a fixed sequence but on
unscheduled conditions or events, such as waking up from sleep mode,
sensing events, error handling, or multi-user settings.

METHODOLOGY

This study adopts an exploratory, qualitative case study approach (R. Ponelis,
2015) to investigate how flowcharts and state diagrams can be used as
modeling tools in the industrial design process of smart products. Rather than
aiming for statistical generalization (Wah et al., 1995), the research focuses
on understanding the functional and cognitive contributions of these tools
through a focused design experiment. The experiment was conducted by the
author, acting as a single designer, to test how effectively these diagrammatic
tools could support process planning, behavior modeling, and interface logic
within a compact design cycle.

The design scenario centers on the conceptual development of a smart desk
lamp, chosen for its relevance as an everyday product with multiple user
interaction points and context-dependent behaviors. This product offers
sufficient complexity to model decision logic, sensor input response, and
multi-mode operation, making it well-suited to evaluate diagrammatic tools.
The methodology involves the creation of storyboards, flowcharts, and state
diagrams for three distinct but connected purposes:

* Planning the design process itself.
* Modeling the lamp’s functional behavior.
* Designing the user interface logic via a small display on the product.

To evaluate and compare the tools, several empirical metrics were recorded:

* Interaction-based metrics: Number of shape additions, drag-and-
drop events, text edits, undo/redo actions, zoom/pan movements, and tool
switches.

* Time metrics: Total time spent per tool, average time per iteration,
and ratio of idle vs. active time.

¢ Artifact metrics: Number of states or blocks, labels or annotations,
revision passes, and conditional branches or loops.

These metrics were collected manually and via activity logs generated by
diagramming software (Lucidchart, 2025; Draw.lo, 2025).
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CASE STUDY: DESIGNING A SMART TABLE LAMP

To investigate the practical application of flowcharts and state diagrams,
we employed them in the industrial design process of a conceptual smart
table lamp. During the study, we analyzed the role of these tools in two key
areas mentioned in the previous section: structuring the design process and
modeling product functionality.

Storyboarding the Design

We began by storyboarding the design process and functionality of the smart
table lamp as two separate sequences of images and notes. This is done on
a drawing template, containing a 4-column, 3-row matrix of empty rectangle
frames, serving as a visual narrative tool to depict tasks or events. The frames
are filled with drawings and notes, each representing a specific moment in
time, showing the task in the design process or how the lamp responds to
user actions. The two storyboards helped us to visualize the design process
and intuitive human-product interaction holistically, clarifying how context
and user behavior influence the lamp’s operation. We did the drawings in
a computer environment, supported by an artificial intelligence (Al) tool, as
shown in Figure 6. We provided short text prompts describing the action
in each frame. These prompts were input into the Al image generation
tool (Vizcom Al, 2025). The Al tool created illustrations that aligned with
the described interaction, allowing for rapid visualization without traditional
sketching. While this approach speeds up storyboarding by easily creating
scenes, the Al input prompts can also be helpful in later design phases to
determine product features.

l [ I I il l

Figure 6: Sample storyboard representing product functionality, made in Lucidchart, containing
images created in vizcom.ai (The actual storyboard images have been omitted from this article.)
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Flowchart of Design Process for the Smart Table Lamp

Table 2 below lists the design tasks, action descriptions, and decision points in

the general design process used in this study.

No. Design Task

Action Description

Conditional Branch / Feedback Loop

1 Define Design Brief

Establish product goals, constraints, and target

users

2 Conduct User and Context

Research

Research usage environments and user

preferences

Is user data sufficient? —
Yes: Proceed,

No: Continue research

3 Identify Functional

Requirements

List expected product features (e.g., sensors,

manual override, profiles)

Do features align with user needs? — Yes:
Proceed,

No: Re-prioritize features

4 Map User Scenarios

Write use cases (e.g., evening work, bedtime

reading, away from the table)

5 Sketch Storyboards

Create visual scenes of user-product

interactions

Are interactions clear and intuitive? — Yes:
Proceed,

No: Revise storyboard

6  Create Initial Flowchart of  Diagram product logic (e.g., detect motion —  Are all logical paths and exceptions covered? —
Behavior light on — adjust brightness) Yes: Proceed,
No: Add missing logic
7 Develop a State Diagram Define states and transitions (e.g., Idle, On, Are all transitions consistent and non-

Night Mode, Override)

contradictory? —

Yes: Proceed, No: Revise

8 Build a Low-Fidelity
Prototype

Construct a basic model to test the form and

user flow

Does the prototype match the intended logic? —
Yes: Test,
No: Adjust design or flowchart

9 Conduct Self-Test /

Scenario Simulation

Simulate different user cases to identify logic

gaps and friction points

Are usability issues found? — Yes: Revise

diagrams/prototype, No: Proceed

10 Refine Design

Finalize visual design, logic, and user

feedback features

11 Document & Prepare for

Handoff

Compile diagrams, storyboards, and

specifications for development

Table 2: Phases of the smart table lamp design process

This sequence of tasks is represented as a flowchart drawn in Lucidchart as

shown in Figure 7.

Define Design Brief
Conduct User and
Context Research
User
Data sufficient?

Yes

Features align
with user neecs?

Map User Scenarios

[P

y

Sketch Storyboards

Interactions Clear
and Intuitive?

Build a low-fidelity
™ prototype

Prototype
match the intended
logic?

Conduct Self-Test /
Scenario Simulation

Create Initial Flowchart
of Behavior

Al
logical paths
covered?

‘Any usability
issues?

All transitions
consistent?

Refine Design

Document & Prepare for
Handoff
Finalization

Figure 7: Flowchart of the smart table lamp design process
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The State Diagram of the Design Process for the Smart Table Lamp

Table 3 lists the design phases as distinct states with transitions triggered by
key decisions or milestones, transforming the process into a state machine.

Current State Event / Trigger Next State Notes / Actions
Define Design Brief Design scope is clearly outlined User & Context Research ~ Begin investigating user needs and
usage environments
User & Context Research  Sufficient user/context data Identify Functional Move from research to translating
collected Requirements findings into features

User & Context Research

Data insufficient

User & Context Research

Loop back to continue gathering more

data
Identify Functional Requirements align with user Map Scenarios & Ready to model usage interactions and
Requirements needs Storyboards context
Identify Functional Misali found Identify Functional Refine the feature list based on
Requirements Requirements feedback

Map Scenarios &

Storyboards

Storyboards illustrate clear

interaction logic

Create Behavior

Flowchart

Proceed to structure the behavior

logically

Map Scenarios &
Storyboards

Interactions are unclear or

contradictory

Map Scenarios &
Storyboards

Revise scenarios for clarity

Create Behavior

Flowchart

All logic paths and exceptions are

defined

Build the State Diagram

Proceed to model internal system

behavior

Create Behavior

Gaps in flow or logic

Create Behavior

Add missing branches or revise the

Flowchart Flowchart conditional logic

Build Behavior Valid and complete state Prototype Behavior modeling complete—start
State Diagram transitions prototyping

Build Behavior Inconsistent or unclear transitions ~ Build the state diagram Revise the state diagram for logical

State Diagram

completeness

Prototype Prototype reflects intended logic Test & simulate Ready for testing key user scenarios
Prototype Gaps between the prototype, Refine Flowchart or State ~ Adjust the design documentation or
charts and diagrams Diagram prototype behavior

Test & simulate

Usability issues resolved

Refine & Finalize Design

Final refinements ready

Test & simulate Issues found during testing Prototype / Chart / Loop back as needed, depending on the
Diagram source of the issues
Refine & Finalize Design  Design is validated Document & Handoff Prepare for implementation or

presentation

D t & Handoff

Doct ion complete

Final State

Process completed, ready for handoff

Table 3: Smart table lamp design process as a state machine.

This state machine is represented by the state diagram drawn in Lucidchart,
shown in Figure 8.
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Figure 8: The state diagram of the smart table lamp design process.
Design Brief for the Smart Table Lamp

This conceptual product will possess several advanced features that elevate
it beyond a mere lighting device, transforming it into an interactive, context-
aware system. According to functional requirements determined with the
support of user and context research, the lamp:

* Detects ambient light levels and adjusts brightness.

* It has a real-time clock.

* Switches between modes such as day, night, etc., based on time of
day or a schedule set by the user.

* Turns on when a user is nearby, turns off or fades out when the user

leaves.
¢ Allows the user to override automation.
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* Stores user preferences and puts frequently used functions in quick
menu selections.

* May have Internet and Bluetooth connections, accepting input from
multiple sources such as mobile apps or voice assistants.

* Can learn user habits over time and adjust automatically.

* Can change this behavioral schedule based on user habits.

* Can download and install new features.

Table 4 below outlines the key functional properties of the smart lamp
and evaluates the appropriateness of using flowcharts and state diagrams
for modeling each function. The table highlights how both tools offer
complementary strengths, and selecting the appropriate one depends on
whether the emphasis is on linear logic or responsive system behavior.

Lamp Property Purpose/Function Flowchart Use State Diagram Use
Ambient Light Sensing Adjusts brightness based on the Defines decision logic for Model transitions: Idle —
environment brightness adjustment Adjusting
— Stable
Time-Based Modes Switches modes automatically or ~ Outlines scheduled tasks and Maps states like Day Mode
(Day/Night/Focus) on schedule user-defined rules — Focus Mode
— Night Mode
Presence Detection Turns on/off based on motion or ~ Shows conditional logic: If no Describes state flow:
proximity motion for X mins — turn off Off — Sensing —

On — Standby

Manual Touch Override User interrupts automation to Shows input handling and Adds override layer: Auto Mode
control the light manually override procedures — Manual Mode

— Auto Resume

User Profiles / Scenes Saves and applies the user Explains steps to Illustrates behavior shift: Profile
preferences create/edit/select a profile A — Profile B
App / Voice Assistant External device integration Represents the flow of Ensures consistent behavior:
Control commands and system response Listening — E: ing Ce d
— Idle
Energy Saving Mode Reduces power after inactivity Plans inactivity timer and wake Models sleep logic: Active
conditions — Low Power

— Active (on motion)

Adaptive Behavior Learns and adjusts based on user ~ Depicts data input and decision Reflects adaptive state changes

habits points for learning logic over time

Table 4: Functions of the smart lamp and their suitability for flowchart - state diagram use
Structuring the Functional Scenario of the Table Lamp as a Flowchart

Table 5 presents a structured sequence of functional steps that define the
operational scenario of the smart lamp, modeled in a flowchart format. The
scenario begins with system initialization and quickly distinguishes between
manual and automatic modes based on user interaction. Conditional logics
such as ambient light thresholds, motion detection, and time-of-day evaluations
determine whether the lamp turns on, adjusts brightness, or enters energy-
saving states.
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Step Action / Process Condition / Decision Next Step (Yes) Next Step (No)
No.
1 Start / Initialize System — Proceed to Step 2 —
2 Check for Manual Override ‘Was manual mode input received? Step 3: Activate Manual  Step 4: Check Ambient
Input Mode Light
3 Activate Manual Mode Wait for user interaction Step 12: Monitor for —
And execute the order Exit
4 Read Ambient Light Sensor Is ambient light below the threshold? ~ Step 5: Turn On the Step 6: Enter
Lamp Idle Mode
5 Turn On the Lamp — Step 7: Monitor Motion ~ —
Automatically
6 Enter automatic Mode Wait for ambient light drop or user Step 4: Sensor readings ~ —
input
7 Monitor Motion Sensor Is motion detected? Step 8: Adjust Step 9: Start Inactivity
Brightness Timer
8 Adjust Brightness Based on — Step 10: Evaluate Time —
Ambient Light of Day
9 Start Inactivity Timer Has time expired (e.g., 10 mins)? Step 11: Turn Off the Loop back to Step 7
Lamp
10 Evaluate Time of Day Is the current time within the Activate Night Mode Maintain current
Midnight Mode schedule? (Dim Light) brightness
1 Turn Off the Lamp — Step 4: Wait for the next —
input
12 Monitor for Exit from Manual  Did the user double-tap to exit or Step 4: Return to Loop in
Mode timeout? Automatic Mode Manual Mode
13 Security mode control Is there any security breach Give alarm warnings Step 4: Return to
Automatic Mode
14 Sleep mode control Is the sleep mode on? Start sleep timer Music-play setting
control.
15 Music-play setting Has the sleep timer expired? Stop music —

Table 5: Functional scenario steps of the smart table lamp

The flowchart drawn in Lucidchart to map these steps as a flowchart is
presented in Figure 9.
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Figure 9: Functional scenario flowchart of the smart table lamp
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Structuring the Functional Scenario of the Table Lamp as a State Diagram
Operational modes or states of the state diagram are determined as follows.

* Idle: A low power, listening state; The sensors and touch display are
active, time and date are displayed on the screen, all other functions are off.

* Manual: This is a user-controlled state; The lamp functions are
adjusted by the user and stay unchanged until a new user input comes,
regardless of automated triggers and sensor data.

* Automatic: A range of automated tasks are performed
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* Brightness Adjustment according to sensor data
* Auto on-off according to user presence detection
* Fade-in, out, smooth changes, etc., various lighting effects
are possible
* Remote command detection is active
e Security: The lamp doesn’t go into standby mode, stays ready for
normal use, lighting and screen messages are off, and security sensors are on.
* Alarm: A wakeup or security alarm is sounded.
* To sleep: The light is on for a time pre-set by the user.
* Sleep: The user is asleep. A wake-up alarm can be preset.
e Stand-by: A low-power state, entered with a power-down
command; all functions, screen, and sensors are off, waiting for the power-up
command.

Table 6 defines the operational states of the smart table lamp, the events
or inputs that trigger transitions between these states, and the system’s
corresponding outputs or actions.

Current State Input / Trigger (Event) Next State Output / Action

(Power Off) Power supply connected / Start Idle Initialize sensors and timers

Idle Auto Touch input detected Automatic Switch to automatic operation

Idle Manual Touch input detected Manual Switch to manual control

Idle No activity for a set time Stand-by Nobody home, switch to standby to save

power

Automatic Motion detected Adjust Adapt brightness based on presence and
Brightness environment

Automatic No motion for timeout duration Standby Dim or turn off the lamp

Automatic Touch input detected Manual Override automation,

Enter manual setting

Automatic If a specific period is preset by the user Automatic Set warm, dim lighting

Adjust Ambient light > threshold Automatic Turn off or dim the lamp

Brightness

Security Security breach detected Alarm Return to max brightness, perform alarm
functions

Alarm Touch input detected Manual The user manually turns off the alarm

Music to sleep The preset sleep time has passed Sleep Fade the light out and stop music/radio

Manual Touch input (double-tap or exit button) Automatic Resume automatic control

Manual Touch input (via on-screen button) Idle Switch to idle mode

Manual Touch input (via on-screen button) Security Switch to security mode

Manual Touch input (via on-screen button) Standby Switch to standby mode

Manual The user adjusts brightness manually Manual Set brightness as per user input

Manual Inactivity timeout Sleep Turn off the lamp

Table 6: Operational modes or states of the smart table lamp,inputs that trigger state changes,
and the corresponding outputs or actions.

Each state change is linked to a specific input, such as a touch command, a
sensor trigger, or a timer expiry, and results in clearly defined actions. This
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model captures not just logic but also behavioral responsiveness, making it
well-suited for systems with contextual sensitivity and interactive features.

The functional scenario state diagram of the smart table lamp, drawn in
Lucidchart, is presented in Figure 10.

Touch input / Screen message Sleep time passed / None

Brigtness is set / Screen gauge

Apply power / Power up chime

/ No ;:tivity / None

/

Music to
Sleep

Touch input / Screen messag/e
/ / Touch input / Screen message-music

N/o activigg/ / None / Touch imput / Screen message

B
Touch input / Screen message / Touch input / Screen message
/ Ser manually shuts the alarm / Screen message
y Adjust
brightness

/
\ ’

\T°UCh input / Screen message f Sewurity breach / Screen message
N\

/

Touch input / Screen message

/

Motion detected / Screerf gauge /

Brlghmress is set / Screen gauge //

ouch input / Screen message
Ambient light changed / Screen gauge
s S /g/ el gaug

Figure 10: The state diagram for the functional scenario of the smart table lamp.
Metrics and measurements:

The planning and development of storyboards, flowcharts, and state diagrams
for the design process and the product designed constitute a focused and
intensive activity aimed at achieving the design goals of the smart table lamp.
Through structured actions and deliberate time investment, we produced
a comprehensive set of diagrams representing key aspects of the design
workflow and lamp behavior. To evaluate work overall, we tried to get
objective “process metrics” by counting micro-actions in the design sessions,
as three different types of data:

¢ Artifact Metrics — Counts of things in the diagram itself (Table 7)

* Interaction Metrics — Counts of mouse/keyboard actions during
creation (Table 8)

* Time Metrics — Time passed in the process (Table 9)

221



BID

Tool Metric ‘What It Indicates
Storyboards Number of frames/sketch panels Scope of scenarios explored
Number of annotations per frame Level of detail in user-context storytelling
Number of revisions Degree of iteration/refinement
Flowcharts Number of process blocks (nodes) Complexity of procedural logic
Number of decision diamonds (branches) How many conditional paths are identified
Number of loops/feedback connectors Degree of iterative or error-handling logic
State Diagrams  Number of states Granularity of behavioral modeling
Number of transitions Range of events and responses you’re accounting for
Number of entry/exit actions Depth of per-state behavior detail

Table 7: A non-exhaustive list of small “items” that could be logged as artifact metrics

Event ‘What It Indicates
Click on the “Add Shape” icon Frequency of creating new nodes (states/blocks)
Drag-and-drop operations Effort spent arranging and reorganizing the layout
Text-edit events How often are labels refined, or notes added
Delete/undo/redo commands Rate of corrections or back-tracking
Zoom in/out How often are fine details needed to be inspected?
Pan operations How much canvas exploration is needed
Switch-tool Mode-switching between drawing vs. selecting

(pointer < pen)

Table 8: A non-exhaustive list of small “items” that could be logged as interaction metrics

Metric ‘What It Indicates
Total time per diagram Overall effort required
Time per iteration Speed of converging on a stable design
Idle vs. active time Periods of thinking vs. drawing

Table 9: A non-exhaustive list of small “items” that could be logged as time metrics

Digital tools like Lucidchart or Draw.io can record events directly in their log
files or using plug-ins that provide a total count of each item when required. In
our case study, the number of diagrams was limited and their sizes manageable,
allowing us to count and analyze them manually to collect the research data.

Findings

This section presents a comparative analysis of storyboards, flowcharts, and
state diagrams as modeling tools used during the design of a smart product.
The analysis is structured around three key dimensions: Artifact, interaction,
and time metrics, which are described in the previous section.

All three tools were used to complete the same design task: modeling the
behavior and interaction logic of a conceptual smart desk lamp. Metrics are
presented in Tables 10, I |, and 12.
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Metric Storyboards Flowcharts State Diagrams
Number of frames/blocks/states 24 frames 60 process blocks 23 distinct states
Number of annotations or labels 32 handwritten notes 2 functional labels 23 input/output labels
Number of revisions 3 3 3

Number of decision branches/loops Not applicable 24 decision diamonds, 4 loops 37 transitions, 3 loop states
Visual structure type Frame-by-frame scenes Top-down logic branches Circular state-event diagram
Visual clarity rating 4.5 4 5

1-5)

Table 10. Artifact Metrics

Storyboards emphasized narrative and context, reflected by a high number of
frames and handwritten notes. Flowcharts were the most structurally complex,
with 60 blocks and multiple decision branches. State diagrams encoded fewer
but more interconnected elements, achieving functional compactness. All
tools were revised equally (3 iterations), though for different purposes—
visual consistency in storyboards, logical path checking in flowcharts, and
event-response refinement in state diagrams.

Interaction Event Storyboards Flowcharts State Diagrams
Shape addition (clicks) 30 65 25
Drag-and-drop operations 6 75 27
Text edit actions 40 90 40
Undo/redo operations 8 26 19
Zoom in/out actions 20 32 41
Pan/canvas navigation 30 30 31
Tool switches (draw/select) 56 47 37

Table 1 1. Interaction Metrics

Flowcharts demanded the highest number of user actions, particularly for
adding shapes, adjusting layout, and inputting logical details, indicating their
labor-intensive and high-control nature. Storyboards required fewer shapes
but involved frequent tool switching. State diagrams had a balanced interaction
profile, lower total action counts, but high expressive power, suggesting
efficient visual encoding of behavior logic.

Time-Related Metric Storyboards Flowcharts State Diagrams
Total time spent (all iterations) 60 min 45 min 35 min
Number of iterations 3 3 3
Average time per iteration 20 min 15 min 11.6 min
Active time vs. idle time 55/5 min 35/10 min 27/ 8 min
Time efficiency rating (1-5) 2.5 4 45

Table 12. Time Metrics
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Storyboarding was the most time-consuming, primarily due to manual editing
and rewriting of the Al-generated images and notes. Flowcharts showed a
moderate balance between time and control, while state diagrams required
the least time and achieved the highest average modeling efficiency, with
faster revisions and fewer idle moments.

Discussion

The findings suggest that storyboards, while effective in visualizing user context
and emotional journey, fall short in modeling complex system logic or reactive
product behavior. This aligns with prior studies that position storyboards as
valuable in the early ideation phase but less suited to representing conditional,
algorithmic responses (Greenberg et al., 2012; Rodda et al., 2022). This
supports Norman’s execution-evaluation cycle, where storyboards represent
the user’s execution of intent but inadequately reflect the system’s evaluation
and feedback (Norman, 1986, 1988). In contrast, flowcharts and state
diagrams offer more precise modeling capabilities: flowcharts for procedural
tasks and logic flows, and state diagrams for dynamic system behavior and
context-driven transitions.

The time and interaction data further emphasize how diagrammatic structure
influences efficiency. State diagrams required fewer interactions and less
time than flowcharts while maintaining modeling accuracy, confirming their
suitability for compactly representing product behavior. However, this
efficiency comes with a steeper learning curve and less narrative flexibility
than storyboards.

From a methodological perspective, this case study was intentionally limited
to a single designer, working on a single product. While this scope allowed
for in-depth control and introspective analysis, it also imposes limitations on
generalizability. The results should not be viewed as statistically representative,
but as exploratory insights intended to guide further research. Additionally,
the subjective interpretation of diagram clarity, usability, and workflow
improvement reflects the author’s design expertise and working habits.

The study contributes to a growing body of literature advocating for the
integration of logic-based modeling tools into creative design workflows. It
highlights the need for tools that bridge the gap between user experience
modeling and system-level logic, especially as products become smarter,
more responsive, and more connected.
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CONCLUSION

This study examined the comparative and complementary use of storyboards,
flowcharts, and state diagrams in the context of industrial design, with a specific
focus on the planning and modeling processes for smart product development.
Through a single-designer case study involving the conceptualization of a
smart desk lamp, each tool was tested for its ability to support design process
planning, behavior modeling, and interface logic construction.

The findings demonstrate that each diagrammatic tool offers distinct
advantages aligned with specific design needs. Storyboards, while visually
rich and effective in conveying contextual and narrative sequences, proved
the most time-intensive (60 minutes total), with the highest number of tool-
switching actions (56) and manual annotations (32). These results reflect their
strength in user-centered storytelling, yet also underscore their limitations in
adaptability and logic modeling.

Flowcharts emerged as the most interaction-heavy tool, with 65 shape
additions, 75 drag-and-drop operations, and 90 text edits across iterations.
Their process-driven structure allowed for the clear representation of
procedural logic and decision branching, but this came at the cost of increased
user workload and planning overhead. On average, each flowchart iteration
required |5 minutes of active design work, suggesting a moderate balance
between control and effort.

In contrast, state diagrams offered a more compact yet highly expressive way
of modeling dynamic system behavior. With only 25 shape additions and a total
design time of 35 minutes, they achieved a higher efficiency-to-complexity
ratio. Despite fewer user interactions, the diagrams captured 23 distinct states
and 37 transitions, demonstrating strong capability in representing reactive
behavior and context-sensitive system states.

Beyond the comparative performance of the tools, the study also revealed
insights into their potential integration. While flowcharts excel in organizing
procedural sequences, and state diagrams clarify event-driven transitions,
the two are not mutually exclusive. In practice, each state in a state diagram
may contain a procedural loop modeled via a flowchart, and each branch in
a flowchart may reference a system state. This suggests that integrated use
of both tools, rather than substitution, can support more robust and layered
design representations.

Methodologically, the study also underscored the importance of reflective,
systematic modeling. The use of empirical metrics—interaction counts,
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time records, and structural outputs—enabled the evaluation of design
efficiency and logic clarity in a transparent and replicable manner. While the
single-designer format limits generalizability, the detailed logs and iterative
comparisons establish a foundation for future research involving multiple
participants or collaborative teams.

Finally, the study contributes to a broader conversation about visual modeling
tools in design education and interdisciplinary practice. Given the increasing
overlap between design, engineering, and computing in smart product
development, diagrammatic tools such as flowcharts and state diagrams offer
a shared visual language that can enhance communication, reduce ambiguity,
and improve system coherence. Their structured formats help designers
move beyond intuition toward more rigorous, testable representations of
behavior, interaction, and functionality.

As artificial intelligence becomes increasingly integrated into design
environments, flowcharts and state diagrams may serve as foundational
frameworks for guiding and interpreting Al-generated outputs. Their
structured logic can help designers communicate constraints, anticipate
system behaviors, and refine Al-generated concepts through traceable, rule-
based visual models. By grounding this research in both practical application
and quantitative evaluation, the study positions flowcharts and state diagrams
not merely as visualization tools but as active design instruments capable of
shaping and clarifying complex product logic.
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