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CHAPTER 1

INTRODUCTION

1.1. Problem Definition

1.2. Aim of the Study



1.3. Research Questions

1.4. Structure of the Study



CHAPTER 2

LITERATURE AND PATENT REVIEW

2.1. Portable Ramps



2.2. Portable Ramps in Industry
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2.3. Mass customization



2.3.1. Level of Mass Customization





2.3.2. Mass Customization Approaches



Approaches Collaborative Adaptive Cosmetic Transparent

Definition

Company

Product / 
Service

Example

2.3.2. Mass Customization and Modularity





2.4. Technology Acceptance Model

2.5. Extension of Technology Acceptance Model





CHAPTER 3

METHODOLOGY

Study Time Period Analysis and Output

1

2

3

4

5

6

3.1. Preliminary Studies



3.2. Observation of User Experience

3.3. Interview with the User 

3.4. Systematic Review

3.5. Requirement Exploration Survey



3.6. Mass Customization Assistance Tool



CHAPTER 4

FRAMEWORK

4.1. Preliminary Studies

4.1.1 Semi-Structured Face-to-Face Interview



4.1.2. Final Design and Building a Functional Prototype

4.2. Observation and Collection of User Experience 





4.2.1. Observed Strengths and Weaknesses of the Product



4.2.2. Collection of User Experience 

4.3. Systematic Review and Evaluation of User Experience



PARAMETERS

A Length Customization D Ease of Use Customization
1 26
2 27
3 28
4 29
5 29
6 30
B Structural Customization 31
7 32
8 E Extra Apparatus or Equipment
9 33

10 34
11 35
12 36
13 37
14 38
15 39
16 40
17 41
18 42
C Storage Customization 43

19 44
20 F Price Customization
21 45
22 46
23 47
24 48
25



PARAMETERS INPUT TYPE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
17a
18
19
20
20a
20b
20c
20d
21
21a
22
22a
23
24
25
26
26a
27



4.4. Requirement Exploration Survey

Construct Question Item Options
Gender

Age

Education 
Level

Income



No Constructs Items





4.5. Mass Customization Assistance Tool



4.5.1. Barrier to Climb



4.5.2. Wheelchair Type

4.5.3. Slope

4.5.4. Restricted Horizontal Distance

4.5.5. Required Ramp Length 



4.5.6. Ramp Type

4.5.7. Ramp Width

4.5.8. Maximum Load 

4.5.9. The Most Suitable Load Bearing Capacity 



4.5.10. Use Condition 

4.5.11. Factor of Safety 

4.5.12. Maximum (Real) Load Bearing Capacity  

4.5.13. Ramp Mass



4.5.14. Total Ramp Mass

4.5.15. Deployability

4.5.16. Compactness

4.5.17. Total Compactness



4.5.17.1. Compactness comparison

4.5.18. Type of Handling Equipment

4.5.19. Type of Storage

4.5.20. Extra Apparatus



4.5.20.1. Mounted bracket

4.5.20.2. Telescopic leg

4.5.20.3. Approach plate

4.5.20.4. Quick release pin



4.5.21. Extra Barrier 

4.5.21.1. Side barrier length  

4.5.22. Rotation Platform 

4.5.22.1. Quantity of rotation platform 

4.5.23. Handrail  



4.5.24. Anti-Skidness  

4.5.25. UV Resistance

4.5.26. Warning Message



4.5.26.1. Warning message placement

4.6. Relationship Matrix Diagram of Design Parameters

4.7. General Overview of the Smart Tool







CHAPTER 5

FINDINGS

5.1.Findings of Semi-Structured Face to Face Interview

Participa
nt

1 2 3 4 5 6 7 8

Cause of 
handicap

Age
Gender
Occupati
on
Residence 
type
Fixed 
ramp

Portable 
ramp
Battery-
operated 
wheelchai
r
Entrance 
threshold
Ownershi
p status 





5.2.Findings of Observation During Product Trail



Strength Weakness

  
  
  
 

5.3.Findings of User Experiences





5.4. Findings of Experimental Study

Variables Frequency Percentage



5.4.1. Descriptive Analyses

No Construct Mean Question



5.4.2. Reliability Test

Construct

Number of 
question 

items
Cronbach's 

Alpha



5.4.3. Results of ANOVA

No Construct F Sig. 24 or 
below 
(N=2)

25-34
(N=19)

35-44
(N=16)

45 and 
above 
(N=9)



No Construct F Sig.
Primar
y school 
(N=5)

High 
school 
(N=13)

Collage
(N=6)

Univer
sity

(N=18)

Master
's

Degree 
(N=4)

5.4.4. Result of Correlation Analyses

Pearson Correlation

5.4.5. Results of Regression Analyses



Dependent 
variable

Independent 
veriable

Unstrandard
ized B

Std. 
Erro
r

Standardi
zed Beta

t Sig.



CHAPTER 6

MASS CUSTOMIZATION ASSISTANCE TOOL: DESIGN 
AND DEVELOPMENT

6.1. Specifications of the Mass Customization Tool

6.1.1. User Selection



6.1.2. Consistency Calculations and Warning Messages 



USER SELECTION COMPUTATIONS/APPROPRIATENESS

3,526.98 ₺ Total price of the product is ₺3,526.98 according to your selections.
24.0 cm maximum distance you can climb at an appropriate angle.
This distance cannot be exceeded at an appropriate angle. It is recommended to 
add a rotation platform.

2 Battery-operated wheelchair Please select the suitable option to determine the appropriate inclination angle.
Computed slope is 15. % which is not required rotation platform
Recomended maximum slope is 12%
The horizontal length required for climbing at an appropriate angle is 250 cm
The ramp cannot be positioned at an appropriate angle for this horizontal distance. 

5 252 cm Suitable ramp length according to your selection.

6 one-piece Please select width from the list

7 800 mm Please pay attention to wheelchair width.

8 250 kg Please write the maximum mass that the ramp will carry.

9 300 kg/2m Telescopic feet are required for ramps longer than 2 meters.

10 Individual use Please do not use your ramp outside the conditions you determined.

11 1.5 FoS is determined according to use condition.

12 450 kg/m Maximum load bearing capacity with FoS

13 6.43 kg/m The mass of a 1 meter long ramp.

14 21.6 kg The total mass of the ramp.

15 Rollable Deployment type

16 385 mm/m Illustration A1 shows compactness of the 100-cm-long ramp in rolled position.

17 592 mm/m Illustration A2 shows compactness of the  252-cm-long ramp in rolled position.

17a 207 mm/m Illustration B1 shows comparison of the A1 and A2 in rolled position.

18 Handle & Wheel It will be shipped with your ramp.

19 Case It will be shipped with your ramp.
20 Yes Please select at least 1 item from the list below.

20a 1 pair
pair
Min 1.0 telescopic ramp feet pair(s) is/are required.

20c 1 pair

20d 5 pair

21 Yes Please select barrier height from the list below.

21a 4 cm Modular side barrier will be shipped with your ramp.

22 No Rotation Platform Required!

22a 0 Rotation platform will be shipped with your ramp

23 None  

24 Yes Standard anti-skidness.

25 Mostly or permanently outdoor use Suitable for outdoor use.

26
RAMP IS SUITABLE FOR INDICIDUAL 
USE ONLY!

Your warning meeage is suitable for displaying.

26a Display on the approach plate The message specified will be displayed in the selected location.

30 cm

1

12

200 cm

20b

4

1

3

e. 



6.1.3. General Information About Main Parts of the Ramp



6.1.4. Dynamically Changing Rolled Ramp Illustrations





CHAPTER 7

CONCLUSION

7.1. Implications



7.2. Limitation of Study

7.3. Further Works
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APPENDIX A

PRELIMINARY INTERVIEW STUDY

A.1. General Structure of the Semi Structured Face-to-Face Interview 
Questions



A.2. Semi Structured Face-to-Face Interview Questions

A.2.1. Concept of Being a Wheelchair User

A.2.2. Public Spaces

A.2.3. Transportation

A.2.4. Suggestion 



A.2.4.1. Video

A.3. New Question Emerged During Face-to-Face Interview

A.4. Transcripts of Semi Structured Face-to-Face Interview

A.4.1. Transcript 1







A.4.2. Transcript 2





A.4.3. Transcript 3





A.4.4. Transcript 4





A.4.4. Transcript 5



A.4.4. Transcript 6





A.4.4. Transcript 7



A.4.4. Transcript 8





APPENDIX B

EXPERIMENTAL STUDY DOCUMENTS

B.1. Main Screens of Experimental Study





B.2. Experimental Study Questions

No Constructs Items







APPENDIX C

RESULT OF ANALYSES

C.1. Findings of Analyses

Assistant Pearson 
Correlation 

0.15 0.01 -0.09 -0.24 

  Sig. (2-tailed) 0.326 0.972 0.574 0.105 
Experience Pearson 

Correlation 
0.02 0.09 -0.02 -0.24 

  Sig. (2-tailed) 0.906 0.552 0.913 0.110 
Innovativeness Pearson 

Correlation 
-0.03 0.03 0.01 0.18 

  Sig. (2-tailed) 0.831 0.838 0.955 0.245 
Self_efficacy1 Pearson 

Correlation 
0.33 0.30 0.43 0.66 

  Sig. (2-tailed) 0.027 0.040 0.003 0.000 
Self_efficacy2 Pearson 

Correlation 
0.13 0.16 0.14 0.15 

  Sig. (2-tailed) 0.379 0.304 0.354 0.307 
Weight_Prob Pearson 

Correlation 
0.30 0.36 0.30 0.14 

  Sig. (2-tailed) 0.043 0.013 0.040 0.370 
Time2Arrive Pearson 

Correlation 
0.12 0.25 0.20 0.22 

  Sig. (2-tailed) 0.443 0.101 0.194 0.138 
Concern_Health Pearson 

Correlation 
-0.08 0.00 0.21 -0.01 

  Sig. (2-tailed) 0.580 0.997 0.170 0.964 
PhysicalCon1 Pearson 

Correlation 
0.23 0.04 -0.07 0.06 

  Sig. (2-tailed) 0.122 0.798 0.663 0.708 
PhysicalCon2 Pearson 

Correlation 
0.05 0.21 0.41 0.38 

  Sig. (2-tailed) 0.754 0.171 0.005 0.009 
Flexibility1 Pearson 

Correlation 
0.37 0.22 0.34 0.27 

  Sig. (2-tailed) 0.013 0.147 0.023 0.075 



Flexibility2 Pearson 
Correlation 

0.23 0.37 0.36 0.21 

  Sig. (2-tailed) 0.128 0.010 0.015 0.164 
Flexibility3 Pearson 

Correlation 
0.29 0.30 0.34 0.28 

  Sig. (2-tailed) 0.051 0.044 0.020 0.057 
Flexibility4 Pearson 

Correlation 
0.66 0.39 0.42 0.11 

  Sig. (2-tailed) 0.000 0.008 0.004 0.477 
Personalization1 Pearson 

Correlation 
0.43 0.30 0.43 0.16 

  Sig. (2-tailed) 0.003 0.042 0.003 0.300 
Personalization2 Pearson 

Correlation 
0.00 0.00 0.16 0.28 

  Sig. (2-tailed) 0.996 0.990 0.294 0.063 
Personalization3 Pearson 

Correlation 
-0.09 -0.05 0.05 0.25 

  Sig. (2-tailed) 0.565 0.737 0.743 0.099 
Personalization4 Pearson 

Correlation 
0.12 0.12 0.20 0.11 

  Sig. (2-tailed) 0.432 0.420 0.177 0.488 
Personalization5 Pearson 

Correlation 
0.13 0.29 0.23 0.19 

  Sig. (2-tailed) 0.396 0.047 0.119 0.203 
Triability Pearson 

Correlation 
0.18 0.09 0.00 -0.13 

  Sig. (2-tailed) 0.232 0.565 0.988 0.391 
Image Pearson 

Correlation 
0.20 0.32 0.21 0.28 

  Sig. (2-tailed) 0.194 0.031 0.161 0.060 
Compatability Pearson 

Correlation 
0.61 0.76 0.73 0.53 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
InternalInfluence Pearson 

Correlation 
0.24 0.28 0.26 0.08 

  Sig. (2-tailed) 0.107 0.062 0.080 0.616 
ExternalInfluence Pearson 

Correlation 
0.23 0.21 0.42 0.32 

  Sig. (2-tailed) 0.123 0.171 0.004 0.032 
Mobility1 Pearson 

Correlation 
0.55 0.80 0.81 0.53 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Mobility2 Pearson 

Correlation 
0.49 0.70 0.70 0.50 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 



Transport1 Pearson 
Correlation 

0.61 0.64 0.70 0.68 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Transport2 Pearson 

Correlation 
0.59 0.50 0.62 0.63 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Regulation Pearson 

Correlation 
0.31 0.18 0.30 0.16 

  Sig. (2-tailed) 0.038 0.228 0.045 0.289 
Support Pearson 

Correlation 
0.31 0.30 0.29 0.40 

  Sig. (2-tailed) 0.037 0.043 0.055 0.006 
Security1 Pearson 

Correlation 
0.17 0.29 0.27 0.16 

  Sig. (2-tailed) 0.263 0.054 0.067 0.293 
Security2 Pearson 

Correlation 
0.34 0.47 0.59 0.39 

  Sig. (2-tailed) 0.022 0.001 0.000 0.008 
Width Pearson 

Correlation 
0.26 0.35 0.46 0.47 

  Sig. (2-tailed) 0.082 0.017 0.001 0.001 
Extend Pearson 

Correlation 
0.21 0.24 0.38 0.17 

  Sig. (2-tailed) 0.158 0.104 0.009 0.256 
Light Pearson 

Correlation 
0.48 0.31 0.41 0.39 

  Sig. (2-tailed) 0.001 0.039 0.004 0.008 
Firm Pearson 

Correlation 
0.31 0.29 0.49 0.38 

  Sig. (2-tailed) 0.037 0.048 0.001 0.009 
Stable Pearson 

Correlation 
0.33 0.34 0.51 0.27 

  Sig. (2-tailed) 0.027 0.019 0.000 0.073 
Ergonomic Pearson 

Correlation 
0.57 0.47 0.60 0.46 

  Sig. (2-tailed) 0.000 0.001 0.000 0.001 
Cost Pearson 

Correlation 
0.05 0.09 -0.02 -0.24 

  Sig. (2-tailed) 0.757 0.561 0.882 0.108 
CostAfford Pearson 

Correlation 
0.25 0.20 0.32 0.50 

  Sig. (2-tailed) 0.096 0.187 0.032 0.000 
EoL1 Pearson 

Correlation 
0.13 -0.03 -0.04 -0.22 

  Sig. (2-tailed) 0.400 0.824 0.780 0.151 



EoL2 Pearson 
Correlation 

0.37 0.05 0.07 -0.13 

  Sig. (2-tailed) 0.012 0.752 0.670 0.407 
Flexibility Pearson 

Correlation 
0.55 0.46 0.53 0.32 

  Sig. (2-tailed) 0.000 0.001 0.000 0.032 
Personalization Pearson 

Correlation 
0.17 0.20 0.31 0.28 

  Sig. (2-tailed) 0.264 0.188 0.039 0.059 
Mobility Pearson 

Correlation 
0.56 0.81 0.81 0.56 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Transport Pearson 

Correlation 
0.63 0.60 0.69 0.69 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Security Pearson 

Correlation 
0.29 0.43 0.49 0.31 

  Sig. (2-tailed) 0.052 0.003 0.001 0.037 
EoL Pearson 

Correlation 
0.29 0.01 0.02 -0.19 

  Sig. (2-tailed) 0.052 0.950 0.923 0.198 
EoU1 Pearson 

Correlation 
0.87 0.74 0.65 0.38 

  Sig. (2-tailed) 0.000 0.000 0.000 0.009 
EoU2 Pearson 

Correlation 
0.88 0.49 0.50 0.37 

  Sig. (2-tailed) 0.000 0.001 0.000 0.012 
EoU3 Pearson 

Correlation 
0.89 0.58 0.55 0.33 

  Sig. (2-tailed) 0.000 0.000 0.000 0.023 
Usefulness1 Pearson 

Correlation 
0.70 0.64 0.53 0.20 

  Sig. (2-tailed) 0.000 0.000 0.000 0.176 
Usefulness2 Pearson 

Correlation 
0.66 0.93 0.80 0.50 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Usefulness3 Pearson 

Correlation 
0.60 0.89 0.80 0.52 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Usefulness4 Pearson 

Correlation 
0.52 0.90 0.72 0.40 

  Sig. (2-tailed) 0.000 0.000 0.000 0.005 
Usefulness5 Pearson 

Correlation 
0.55 0.88 0.75 0.47 

  Sig. (2-tailed) 0.000 0.000 0.000 0.001 



Attitude1 Pearson 
Correlation 

0.63 0.86 0.87 0.52 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Attitude2 Pearson 

Correlation 
0.44 0.57 0.77 0.40 

  Sig. (2-tailed) 0.002 0.000 0.000 0.006 
Attitude3 Pearson 

Correlation 
0.58 0.74 0.90 0.69 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Intention1 Pearson 

Correlation 
0.38 0.49 0.62 0.98 

  Sig. (2-tailed) 0.010 0.001 0.000 0.000 
Intention2 Pearson 

Correlation 
0.42 0.49 0.63 0.97 

  Sig. (2-tailed) 0.003 0.001 0.000 0.000 
EoU Pearson 

Correlation 
1.00 0.69 0.65 0.41 

  Sig. (2-tailed) 0.000 0.000 0.000 0.005 
Usefulness Pearson 

Correlation 
0.69 1.00 0.85 0.51 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
Attitude Pearson 

Correlation 
0.65 0.85 1.00 0.64 

  Sig. (2-tailed) 0.000 0.000 0.000 0.000 
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D.1 User Selection Formulas

No USER SELECTION
27 =SUM(Total_Price_TL)

3

5

9

11

12

13

14

17

17
a
22
a

D.2. Computations and Appropriateness Formulas

No COMPUTATIONS/APPROPRIATENESS 

27 =COST_ 

1 

= IF( OR( ISBLANK(Restricted_Horizontal_Distance_cm), ISBLANK(Slope_)), "-", 
Slope_*Restricted_Horizontal_Distance_cm/100) 
=IF(Barrier_to_climb>Max_Dist_Can_be_climbed, "This distance cannot be exceeded 
at an appropriate angle. It is recommended to add a rotation platform.", "The 
specified distance can be easily climbed with an appropriate inclination angle.") 

2 Please select the suitable option to determine the appropriate inclination angle. 

3 

=100*Barrier_to_climb/Restricted_Horizontal_Distance_cm 
=IF(Wheelchair_Type="Battery-operated wheelchair", "Recomended maximum slope 
is 12%", IF(Wheelchair_Type="Manual wheelchair with an assistant", "Recomended 
maximum slope is 8%.", "Recomended maximum slope is 6%")) 



4 

=Barrier_to_climb*100/Slope_ 
=Restricted_Horizontal_Distance_cm<Required_Horizontal_Distance_cm "The ramp 
cannot be positioned at an appropriate angle for this horizontal distance. Please add a 
rotation platform."  "Restricted horizontal distance is appropriate for positioning the  

5 Suitable ramp length according to your selection. 

6 =IF(Ramp_Type="two-pieces","Your ramp pair will be produced in 200 mm width as 
standard.","Please select width from the list") 

7 =IF(Width_mm= "200 mm", "Ramp suitable for two-pieces use.", "Please pay 
attention to wheelchair width.") 

8 Please write the maximum mass that the ramp will carry. 

9 Telescopic feet are required for ramps longer than 2 meters. 

10 =IF(Use_Condition="Public use", "Your ramp will be manufactured with a high safety 
factor.", "Please do not use your ramp outside the conditions you determined.") 

11 FoS is determined according to use condition. 

12 Maximum load bearing capacity with FoS 

13 The mass of a 1 meter long ramp. 

14 The total mass of the ramp. 

15 Deployment type 

16 Illustration A1 shows compactness of the 100-cm-long ramp in rolled position. 

17 =Required_Ramp_Length__cm 

17a Illustration B1 shows comparison of the A1 and A2 in rolled position. 

18 =IF(Type_Of_Handling="None", "", "It will be shipped with your ramp.") 

19 =IF(Type_of_Storage="None", "", "It will be shipped with your ramp.") 

20 =IF(Extra_Aparatus_Needed="Yes", "Please select at least 1 item from the list below.", 
"Please pay attention to the warnings.") 

20a =IF(Extra_Aparatus_Needed="Yes", "pair", "Your selection will be neglected") 

20b 
=IF(Extra_Aparatus_Needed="Yes", "pair", "Your selection will be neglected") 
=IF(Required_Horizontal_Distance_cm<200,"Telescopic feet are not required for 
ramps shorter than 2 meters.",ROUNDDOWN(J10/200,0)) 

20c =IF(Extra_Aparatus_Needed="Yes", "pair", "Your selection will be neglected.") 

20d =IF(Extra_Aparatus_Needed="Yes", "pair", "Your selection will be neglected.") 

21 =IF(Extra_Side_Barrier="Yes","Please select barrier height from the list below."," ") 

21a =IF(Extra_Side_Barrier="Yes","Modular side barrier will be shipped with your 
ramp.","Please deselect.") 

22 =IF(Restricted_Horizontal_Distance_cm<Required_Horizontal_Distance_cm,"Rotation 
Platform Required!", "Rotation Platform Not Required.") 

22a =IF(Rotation_platform_QTY="0", "Not required", "Rotation platform will be shipped 
with your ramp") 

23 =IF(Handrail_Needed<>"None","Handrail dimensions will be calculated according to 
the ramp length."," ") 



24 =IF(Anti_Skidness="Yes","Standard anti-skidness.","Caution, risk of skidding") 

25 =IF(UV_RESISTANCY="Mostly or permanently outdoor use","Suitable for outdoor 
use.","Do not expose the product to direct sunlight for a longtime.") 

26 
=IF(LEN(Warnings__)<=300,"Your warning meeage is suitable for displaying.","Your 
message is in more than 300 characters. Not suitable") 

26a The message specified will be displayed in the selected location. 

D.3. Price Formulas

No UNIT PRICE

5

7

10
18

19

20a

20b

20c

20d

21a

22a



23

25

26

26a


