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Reparability Scoring System

Executive Summary

IFixit GmbH has produced a web-based application which can evaluate a mobile end user device
(smartphone or tablet) on its reparability. The goal of the scoring software is to capture the characteris-
tics of a specific product by means of a consistent and reproducible scoring procedure, and to then
store the product and assessment data to be able to compare and rank devices in the same product
category.

The application consists of two assessment modules: a module for heuristic assessment, consisting of
a questionnaire / criteria list based system for capturing qualitative, mainly context-related aspects of a
product; and an ease of disassembly (EoD) assessment module that quantifies product-related aspects
of reparability. This document will give an overview of the key frontend and backend components of this
application.

In the frontend, the user of the software will first create a product record, will then capture all activities
involved in the disassembly process, and will lastly answer a set of questions regarding the product.
The information thus entered via the user fronted will lastly be processed to evaluate, score and report
the reparability of the specific product in the result section of the user interface.

For administration purposes, the software application has been equipped with a backend layer, where
admins can manage all assessment-related elements within a content management system (CMS), and
can also store, retrieve and export product data sets via the system’s product assessment database
(PAD). Currently, the software backend can only be accessed and maintained by iFixit GmbH admin-
istrational staff.
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1 Introduction

The web-based application consists of two modules (figure 1): on the one hand, a heuristic assessment
module consisting of a criteria list based questionnaire system with a focus on capturing context-related
product aspects (like the availability of a repair manual or of critical spare parts); on the other hand, an
ease of disassembly (EoD) logging system that captures product-related aspects of reparability (like the
types of tools used and the concrete activities performed during disassembly).

Questionnaire Module EoD Assessment Module
Easy to teach Harder to teach
Higher statistical variance More exact & repeatable
Qualitative Focus Quantitative Focus
Context-centered Product-centered

B

Figure 1: Finding a balance. Strengths and weaknesses of the two assessment modules

For both modules, the software is able to handle generic repair criteria (that apply to all products) as
well as criteria that are specific to an individual product category. In principle, it is therefore possible to
take into account sets of tools, disassembly activities or contextual questions that are needed for the
assessment of a specific product group beyond mobile electronics (like household appliances or other
product categories).

The assessment data are initially stored as local cookies; if the assessment situation should require it, it
is therefore possible to perform a reparability assessment without automatically uploading the results to
the online database of the web application. Instead, product datasets can be stored on (and retrieved
from) the local computer used for the assessment. This local data storage alternative was implemented
to allow for a degree of privacy in the context of assessment scenarios like prototype assessment.

The software application is structured as shown in figure 2. The frontend user interface provides prod-
uct assessors access to the application. Currently, user access is password-protected and requires
permission from iFixit GmbH. The backend, accessible only to administrators, allows setting the as-
sessment content and scoring rules for the reparability scoring system. Frontend and backend are de-
scribed in more detail in the following chapters.
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Figure 2: Functional diagram of the scoring application
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2 Frontend

The frontend user interface is the place where the assessor will enter the data for evaluation to then
receive the assessment result. The frontend consists of six tabs that appear gradually as the user pro-
gresses through the assessment.

The first three consist of the Category, Products and Evaluation Details tabs, where products are newly
created or an already existing dataset can be downloaded from the online database; here, specific
product and assessment data is entered before running through the actual assessment procedure.

After creating or downloading one of the existing product records, the user will complete the EoD as-
sessment module, where all activities concerning the disassembly procedure are entered. Following
this process, the user will be working through the content displayed in the Questionnaire tab, where
he/she will have to answer questions concerning the context of the product.

The final tab will show the results of the assessment, taking into account different parameters from the
EoD activity log and the questionnaire module.

2.1 Creation of product record

2.1.1 Categories

To get started, the user can make a choice in which category he/she will evaluate a product. At this
moment three categories are defined in the system, the Smartphone, Tablet and Notebook categories.

The initial category choice defines the category-specific criteria, and directly affects what assessment
elements (tools, activities, questions, scoring rules etc.) are being pulled from the backend. Selection of
a category loads the next tab, “Products.”

[ Repairability-Evaluation X + - = i
< (& & https://repairability.org/app Q N 5 ¢ o & ‘,
Repairability Evaluation: 0 IFIXIT
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2.1.2 Products

Under the Products tab, the user can add a new product, open a product dataset that's available on
her/his own computer (left side column) or load one of the products available online by clicking “Find
products online” (right side column).

The product assessment profiles that are available online consist of publicly shared products (accom-
panied by the human silhouette icon), or products that are available only to the team that is working on
them.

The user can load a product assessment profile by clicking the download button, and can then open it
by clicking the pen symbol.

= a X
[ Repairability-Evaluation x +

€« C & https/repairability.org/app Q w & & ¢ 0 O &y

Q et

Products On-Line Database
Find Products On-Line
L Fai

c b he

2.1.3 Evaluation details

After opening a product assessment profile, additional tabs will be shown, and the next tab in line will
introduce the user to the Evaluation details. The user can now enter the necessary data for the specific
product to be assessed and the details for the assessment team.

A product image can be uploaded and the product category can be adapted here, if necessary. The
creation date and the last revision date are updated automatically.
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[ Repairability-Evaluation

Product Name:
Product Category

Image URL.

Creation Date:

Lats Revisicn Date:

+

< C @ htips://repairability.org/app

Repairability Evaluation: Fairphone 2 CC

a ¥« @ 5

Team:

Members:

Company

Location:

2.2 Ease of Disassembly assessment module

2.2.1 Ease of Disassembly

The Ease of Disassembly module tab displays a table that consists of a log of all activities that are
needed to disassemble the product to its critical components or/and all other components. This logging
concept is based on the Ease of Disassembly tables developed by Ehud Kroll*, which in turn is an ap-
proach that is based on the MOST Work Measurement System?.
Each individual line in this table refers to one distinct activity needed to disassemble a specified com-
ponent. When multiple activities are needed for disassembling one component, additional lines have to

be logged for it.

The user can add a new activity by clicking the “Create step” button.

! Ehud Kroll (1995), “Ease-of-Disassembly Evaluation in Product Recycling”, Texas A&M University.
2 K.B. Zandin (1980), “MOST work measurement Systems”, New York: Marcel Dekker.
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[ Repairability-Evaluation X +
<« c @ https;//repairability.org/app Q W @ %H o Qi "’
Repairability Evaluation: Fairphone 2 CC 0 IFIXIT

Disassembly steps of Fairpheone 2 CC

ry # Compoenent Name  Critical  Partof  Activity # Tool Used Accessibility  Additionals

MBI ENE B

€| €[] €] €| €

2.2.2 Create step

For every individual step of the activity log, the user has to enter its specific details, like the compo-
nents’ name that the step refers to, if the step deals with a critical component (CC) or if it is needed to
get to one of the critical components in the device.

To log that a component is part of a subassembly, the user can also specify whether it is part of another
component. The activity itself, the number of times this activity is done in a row, tool and tool size need-
ed to perform it, and the accessibility aspects of the activity are logged here. The user can tick box “Ad-
ditionals” that are specific to this type of activity and needed to capture it concisely, for example when
longer screws are used or washers had to be picked up during this activity step.

A user guidance system has been implemented: Should users need more information on a specific
activity, they can click the small information icon that will explanatory details (in visual and textual form)
regarding the activity and about filling in the form correctly.
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[ Repairability-Evaluation X+

& 5 C @ hitpsy//repairability.org/app a &+ ® B H & = 0 O |ty

Disassembly step

Component Name: Additionals:
B g to 13 effeclive threads

J Is & eritical component [ g effective (hreads

Is this stop needed 1o get
component

t Base
SR e B long thick screw
B Wrench or Allen key (light resitance and complete rer
B Wrench or Allen hey (L ance bul no complot

i Wrench or Allen key (heas
Unscrew @

Tonl
Tool Size Pho
Accessibility: Clear. light resistance

Comments:

+ by turning. For more
o are diferent types crewdrivers divided into three groups
ar: Phillips. Flat
2 irregular Torx Sex Y. lobe. AS, NUT driver,
Gamabit, Triangle, SIM

Heuristic assessment module

2.2.3 Questionnaire

After finishing the EoD activity log, the user will have to run through a series of questionnaires, where
guestions are asked that capture aspects of repair criteria with a qualitative focus. At the moment, two
types of question formats have been implemented:

0] multiple selection using checkboxes (more than on option can be checked)
(ii) multiple choice using radio buttons (only one option can be checked)

Extra information regarding each answer is available by means of an info button or/and contextual roll-
overs.
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[ Repairability-Evaluation % [} Repairability-Evaluation x o+

C @ https://repairability.org/app T B &5 ¢ Q 113

Repairability Evaluation: Fairphone 2 CC 0 IFIXIT

QUESTIOMMAIRE

Identify if the manufacturer makes the following information

available with regard to screen and battery replacement

1. When looking at the product itself or on the manufacturers website..

o Can you find a unique product identifier on the product itself?

-/ Can you find an identification code on the battery component?

o Can you find an identification code on the screen component?

i Can you identify the correct replacement part for battery replacement by

entering the product identification code online?

) Can you identify the correct replacement part for screen replacement by entering
the product identification code online?

o Can you find a parts list for the product?
Can you find an exploded view visualization for the product?
Can you find a video for replacement of the battery?

L Can you find a step-by-step repair guide for the replacement of the battery?
Can you find a video for replacement of the screen?

o Can you find a step-by-step repair guide for the replacement of the screen?

For the implemented assessment of smartphones and tablets, the user has to answer 5 lists of ques-
tions regarding:

a) the availability of repair information

b) the use of deterrent messaging to discourage the user to perform a repair

c) the use of visual cues on and in the product directing the repairer towards a successful disas-
sembly

d) availability of replacement components at OEM or third-party suppliers

e) health and safety issues relating to the product

£ Fnar  Fnar ) rnar  Fnar

2.2.4 Protocol user guidance: »How do | assess this correctly?«

To aid all users in answering the questions precisely and in correct scope, a central help button is
available at the bottom of every questionnaire page; when pressed, a popup box is made available.
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In this popup, the user will find information on how to assess the the criterium correctly; depending on
the user guidance required, it can include text, hyperlinks and images.

[y Repairability-Evakuation % [ Repairability-Evaluation x | 4

» O @ https//repairability.org/app * B 85 86 ¢ = 0O {9 !

How do | assess this correctly?

How do | assess this correctly: All infarmation requested above should be found on the product itself or on the manufacturers website
Third party repair guides or videos. unless specifically produced for the manufacturer. are not approved as “official”

Scope: Repair information that is supplied by 3rd parties is not taken into account since the geal of rating t mation availability is to
push manufacturers to improve product support for all repair agents. Troubleshoot pages are part « hus 2ft out of this
criterion. Exploded views of smartphones are not currently released to the public, but would be feasible at low cost and very helpful

2.3 Display of assessment results

2.3.1 Report

After finishing with the two modules, the results of the reparability assessment will be shown on the
page “Result”. The result page consists of three parts:

1. Individual score for each of the different criteria, with an aggregate total reparability score

2. Basic report which provides the user context and product-specific information regarding the
product and the disassembly

3. Disassembly table showing all steps for the disassembly.

The user can save the assessment in a local file (cookie), download the file as a RAW data file for later
use, or upload the assessment to the online database via the “export” button and so share the assess-
ment within the team or make it publicly available.
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[ Repairability-Evaluation x 4+
& 3 (@ https//repairability.org/app a 4 @ &% £ . Q D iy
Repairability Evaluation: Fairphone 2 CC 0
A SCIENTIFICALLY VALIDATED REPARABILITY SCORING SYSTEM I FI x 'T
FIXIT TEAM Log out
AILS EASE ISASSEMEBLY CUESTIONAIRE REPORT
Repairability Score

A ity of Information i)

(i ]

-]

(i ]

i ]

L]

L}

(i ]

o

ACTIVITIES TIME DATA

Sap Snap Fit 3

Total: 1
Total/Component 017

Total 42

Tolal/Component 700
Disassembly Time: 2.68
CONMNEC TIME

@ snap
F connectorns: 3

8 srcrews 1

Total: 7
Total/Component 117

Entry # component criical partof actiity 55 Accessibilty  Addtionals

Separ

1511

true R

[ - T PR

2 Eort o oo Databise | & Download product as e | Raw Dot

The motivation for and explanation of every repair criterion can be viewed by pressing the information
button behind the criteria titles in the list on this page. Clicking this button will display to the user the
definition and the scope of the specific criterion.
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[y Repairability-Evaksation X [4 Repairability-Evaluation x | 4

» C i hitps//repairability.org/app * B 85 86 ¢ = 0O {9 !

Availability of information

Mativation: Repair des or service manuals safeguard reliable ways of repairing the product for all potential repair actors. A guide hej

avoid mistakes during repair. gives order to how to perform a repair. and includes information on which tools to use. A repair guide gives the
repairer the opportunity to evaluate whether he/she can achieve the repair without risking to lose the device's functionality. Having no access
to repair infermation reduces the change of failure in repair and increases the initialization of the repair of the product after its failure, Fear of

breaking a product decreases when a manual is available.

Scope: Repair information thal is supplied by 3rd parties is nol laken into account since the goal of rating the informalion availability is to push
manufacturers to improve product support for all repair agents Troubleshoot pages are part of diagnostics, thus are Left out of this criteri
Exploded views of smartphones are not currently released to the public, but would be feasible at low cost and very helpful
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3 Backend

For administration and flexibility purposes, the software application has been extended with a backend,
where the administrator manages content in the content management system (CMS), and the products

in the product assessment database (PAD). The backend is only accessible by iFixit admin staff.

3.1 Content Management System

The content management system is used to add, edit and delete the elements needed for the frontend
to present its content to the user and to calculate the score correctly. It consists of the administration
modules for tools, activities and the scoring of all activities (via accessibility, force, positioning, base
time and special additionals), and it also allows for the monitoring of the questions needed for the heu-
ristic module and the criteria where all variables hat have been put in during assessments come to-
gether in a sub-scores per criteria and the final score (which is a function of the weighted sub-scores).
Using the product metadata module, the administrator can add, edit or delete product assessments.
The CMS is only accessible by the administrators at iFixit.

3.2 Tools, activities, accessibilities and specials

3.2.1 Tools

Within this backend section, the administrator can manage the database of tools.

[ Repairability-Evaluation x +
< - C @ https//repairability.org/tool
Tool
Add new Tool

AVAILABILITIES

COMPONENT TYPES

DISASSEMBLY TYPES

EXPERIENCES

QUESTIONS

Unscrew

Unscrew

Unscrew

Unscrew

Unscrew

Unscrew

Unscrew

Unscrew

Separate Snap Fit

Separate Snap Fit

Loosen Glue

Loosen Glue

Loosen Glue

Loosen Glue

Philips

Slotted

Torx

Alan Key

One Way

Special Key

Alan Socket

Pentalobe

Hand

Lever Prybar

Hand

Lever Prybar

iDpener

Heatgun

= [}

Q % @& & o6 Q © | ¢y

CAHIFIXIT TEAM ~

©:

1 Bl =3
' B =
1 = =
- = B
' Ed E3
' BE
r BE=
r EAE=
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- B E3
' 23 EZ3
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3.2.2 Tool Sizes

In the “Tool sizes” tab, the administrator can manage the different tools sizes and the corresponding
tool type. All tools are classified from Class A, being a commonly available tool, to Class D, being a
company-specific tool not available for a general repair agent.

3.2.3 Activities

The administrator can here manage the activities made available for selection to the user. The activities
the user can input are e.g. “Unscrewing”, “Separate snap fit” or “Remove”.

3.2.4 Accessibilities

To come to a time-based score, the administrator can here edit the accessibility-related time, position-
ing-related time, force-related time, base-time and the extra time (hamed specials) needed for actions
like taking out washers or the use of extra-long screws. The different time-variables are based on the
disassembly evaluation chart from Ehud Kroll (1995).

| = o X
| [ Repairability-Evakuation x |+
€ C @ https//repairability.org/activity R T B 2 Q¢ ¢
Activities @ IFIXIT TEAM -
Add new Activity
PRODUCT CATEGORIES
Detach Unscrew m -l:"a‘i
ACCESSIBILITIES
ormes Detach Separte Snap &3
ACTIVITY TYPE
Detach Loosen Glue m m
AVAILABILITIES
Detach Peel off Sticker m -D!‘G
COMPONENT TYPES
DISASSEMBLY TYPES Detach Cut a Wire ﬁ m
EXPERIENCES
Detach Unplug Connector m
OQUESTIONS
i i B &3
SPECIALS £ £
TOOLS
Remove Remove m
TOOL SIZES
i Inspect x_inspect E -B"?ia
TOOLSIZE CLASS

D crITERIA

3.2.5 Questions

In the Questions tab the administrator can add, delete or edit questions. These questions are needed
as input as variables for the criteria defined under the tab “Criteria”.

Editing the questions will give the administrator the options to change the question page header, the
qguestion text, the information on how to answer this question, and the question type, be it multiple
choice, “single answer”, or multiple selection, “multiple answers”.

Besides the general information concerning the question, the “Answers” can be edited and each can be
given a weight factor which will be used as input for the scoring algorithm.

sustainablySMART Deliverable 7.5 16 | 22



= X
[ Repairability-Evaluation E + &)

€« = C @ htps//repairability.org/question/1/edit aQ r # 85 ¢ 4 O O &y

Questions G IFIXIT TEAM =

Edit Question

Availability of infarmation

Identify if the manufacturer makes the following -
infermation available with regard to screen and et
hattery replacement
ACTIVITY TYPE
POASLABILITIES When looking at the praduct iteslf or on the manufacturers website,
COMPONENT TYPES
. assess this ctly: All information requeste e should be d on the st el o &n the ufaclurers website., =
P — tw«do | assess this correctly: All informal equested above should be found on the product it I.”U. on' b m.s‘ruf.sl_lur rs website
SAETEMEL. Third party repalr guides or videos, unless specifically produced for the manufacturer, are not approved as "official
-

FXPHAFHCES Mativation: Repair guides or service manuals safequard reflable ways of repairing the product for all potential repair actors, A guide
helps to avold mistakes during repalr, glves arder to how to perform a repair, and includes information on which tosls te use. A repair

QUESTIONS

L SPFOMS

Answers

Unique product identifier m n

Weightfactor: 1

Battery identification code m n

Weightfactor: 1

Screen identification code m u

Weightfactor: 1

Find battery replacement on-line m n

Weightfactor 1

Find screen replacement on-line m ﬂ

Weightfactor: 1

Parts list for product m ﬂ

Weightfactor: 2

Exploded view m n

Weightfactor: 3

Video for battery replacement n

Weightfactor: §

3.3 Scoring Rules & Algorithms

3.3.1 Criteria (rules)

Products are assessed on, in our case, 9 repair criteria. In the backend of the software application, the
administrator can add, edit and delete criteria.

Within every criteria entry, the administrator can edit the evaluation algorithm which is defined by
means of a formula, using as its inputs the EoD activity log and the answers from the questionnaire.
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To come to a final score, every criterium can be individually weighted for contribution to the final score.
This weight factor is based on the importance of the criteria (where 1 is means low importance and 4 is
very important).

= o X
[ Repairability-Evaluation X +

<« C @& https://repairability.org/criterion a w @ & ¢ 0 & i’

Criteria @ IFIXIT TEAM =

Add new Criterion

PRODUCTS
PRODUCT CATECORIES

Math round { this.question_score(0).value /

ACCESSBILITIES ikabili D i
Availability of information % 3 4
. this.question_score(0).max * 10 )
> ACTIVITIES
ACTIVITY TYPE 2 Math.round { this.question_score(1).value /
Deterrent messaging 2

this.question_score(1).max * 10 )
AVAILABILITIES
Math max{0,Math.round{10- (2 *

Path of entry this.repetition_count_activity_by_id(4}) - 2
this.count_toolsize_clas..

y  COMPONENT TYPES

,  DISASSEMELY TYPES

EXPERIENCES

Visual Math.round { this.question_score(2).value / 2
AR this.question_score(2).max * 10 )

QUESTIONS

Math.round ( thi: i ore(3).value /
)
" e a oun. { this_question_score(3).value
this.question_score(3).max* 10 )

i8 8 (o 6 (8 B8 B8 (8 (8

TEXTS
TooLs Math.max{0Mzth.round{10- (2 *
Type of tools needed this.repetition_couni_activity_by_id(4)) - 4
TOOL SIZES this.count_toolsize_clas..
{ TOOLSIZE CLASS
ity of eritical P Math max{0 Meth.round(11 - this.report.base_time/11)) 4
1 CRITERIA
Difficulty invalved in reaching the Math max{0Math.round( 11 - (this.report.accessibility + 3
critical components 1his.report.positioning + this.report.fo...
Health and safety risk when Math.max({0, Math.round [ 10 - this.question_score(4).value / 3
replacing critical components this.question_score(d).max * 5... >

3.3.2 Formula (algorithm)

The edit button gives access to modifications of criteria as well as to formula that translates the re-
sponse for a specific criterion to a rating on a scale from 0 to 10.

The formula is fed by data from the questionnaire module and the ease of disassembly module. The
specific example on the right uses data from both modules.
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[ Repairability-Evaluation X +

<« C @& https://repairability.org/criterion/9/edit a w @ & ¢ . 0 & e,
Criteria & IFIXIT TEAM ~ -
Edit Criterion

PRODUCTS
Health and safety risk when replacing critical components
y  PRODUCT CATECORIES

ACCESSBILITIES
Math max(0, Math.round (

> ACTIVITIES 10
- this question_score(d).value / this.question_score{d4).max * §

ACTIVITY TYPE

* next 2 lines should work after update of the app: */
AVAILABILITIES - { this.count_toalsize_by_id(63) + this.count_toolsize_by_id(54) + this.count_toolsize_by_id(65) } * 0.5
- { this.count_toolsize_by_id{66) + this.count_toolsize_by_id(57) + this.count_too'size_by_id(68) } * 0.5

,  COMPONENT TYPES
{ this.repart. base_time/this.repart total_connectors -1 ) * 0.5
,  DISASSEMBELY TYPES ]

EXPERIENCES

QUESTIONS

SPECIALS

TEXTS

TOOLS

TOOL SIZES

| TOOLSIZE CLASS

CRITERIA

3.3.3 Product Assessment Database

In the product assessment database, all the relevant input data, like product metadata and also the
results from the two questionnaire module (Answer Result Data) and the EoD Assessment module
(EoD protocol data), is being stored. Below, the product metadata is explained.

3.4 Product Metadata

3.4.1 Products

Under the “products” tab, the administrator can edit and delete the products uploaded to the database.
Here, the administrator can control the access rights to of the different products, as either user-specific,
team-based or as publicly accessible.

Furthermore, in this part of the backend, product datasets can be duplicated and then used for alterna-
tive assessments.
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‘ [ Repairability-Evabuation x =+ - . -

« C @ https//repairability.org/product T @ 8 ¢ & oo "

Products @ IFIXIT TEAM -

Add new Product

[ PRODUCTS

CT CATEGORY ACCESS
PRODUCT CATEGORIES

FairPhone 2 {+ module disassembly) Smartphone User Access IFIXIT TEAM m m

ACCESSIBILITIES
ACTIVITIES Samsung Galaxy $4 CC Smartphone User Access IFIXIT TEAM m
ACTIVITY TYPE

Samsung Galaxy S5 Smartphone User Access IFIXIT TEAM m m
AVAILABILITIES

Samsung Galaxy S6CC Smartphone User Access IFIXIT TEAM m
COMPOMNENT TYPES
DISASSEMELY TYPES HP Elite X2 1012 G1 Tablet Team Access IFIXIT TEAM m
EXPERIENCES

Huawei Nexus 6P Smartphone IFIXIT TEAM E

QUESTIONS

e Sony Xperia Z4 Tablet IFIXIT TEAM m m
TEXTS Sony Xperia 24 (Bas) Tablet IFIXIT TEAM m m
FairPhone 2 CC User Access IFIXIT TEAM m
Sony Xperia 24 CC User Access IFIXIT TEAM ﬂ
CRITERIA Huawei Nexus 6P CC User Access IFIXIT TEAM m m
FairPhone 2 CC Smartphone IFIXIT TEAM m m -

3.4.2 Product Categories

When clicking the “product categories” tab, the administrator can add, activate, edit and delete the
product categories this tool can assess. The product category defines the category-specific questions
and criteria.
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Product Categories @ IFIXIT TEAM ~

Add new Product Category

PRODUCT CATEGORIES

ACCESSIBILITIES

ACTIVITY TYPE
ot et ] ouee

AVAILABILITIES
COMPONENT TYPES
DISASSEMBLY TYPES

EXPERIENCES

QUESTION:

SPECIALS

TOOL SIZES

TOOLSIZE CLASS

CRITERIA
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