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Evaluation of a challenge-derived social life cycle assessment (S-LCA) framework
Ricardo J. Bonilla-Alicea and Katherine Fu

Woodruff School of Mechanical Engineering, Georgia Institute of Technology, Atlanta, USA

ABSTRACT
Sustainability assessments provide methodologies to assess the environmental, economic, and social 
impacts of products along their life cycle. The purpose of this research is to develop a social life cycle 
assessment (S-LCA) framework derived from a set of challenges identified in the S-LCA field. The S-LCA 
framework presented in this study is developed by i) performing a systematic mapping of the S-LCA field; 
ii) gathering of LCA and SIA expert feedback; iii) evaluation through a novice user study; iv) and a case 
study application. The systematic mapping procedure is explained in detail (Bonilla-Alicea and Fu 2019), 
while the expert feedback and novice user study are the focus of this article. The case study application of 
the framework is the subject of a separate publication. The expert feedback is used to verify the relevance 
of the challenges through electronic survey data. Based on the expert feedback, the number of chal
lenges is reduced from twelve to ten, as two of the challenges are considered part of the study design 
rather than challenges to performing social assessments. The novice user study implemented a simplified 
version of the S-LCA framework, and users were able to identify potential social impacts of their capstone 
design.
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1. Introduction

1.1. Previous social assessment studies

Relative to environmental and economic assessments, social 
assessments lack consensus, a result of the lack of maturity of 
the field and the breadth of topics covered. The fact that there 
is no single social impact assessments (SIA) definition or meth
odology results from the lack of maturity of the field and from 
the broadness of fields in which SIAs are applied to. Due to the 
broad spectrum of topics covered in social assessments, it is 
important to define the following three social assessment 
methodologies: social impact assessments (SIA), social life 
cycle assessments (S-LCA) and social organisation life cycle 
assessments (SO-LCA). Numerous definitions of SIA are 
found in the literature: ‘it is a methodology to assess the social 
impacts of a single process and/or plant related to a product or 
service, and it is often used in the context of development 
projects’ (Benoît et al. 2010); ‘it refers to the process of defin
ing, monitoring, and employing measures to demonstrate 
benefits created for the target beneficiaries and communities 
through social outcomes and impacts’ (Nguyen, Szkudlarek, 
and Seymour 2015); ‘it is the process of identifying the social 
consequences or impacts that are likely to follow specific policy 
actions or project development, to assess the significance of 
these impacts and to identify measures that may help to avoid 
or minimize adverse effects’ (Benoit and Mazijn 2009). For the 
purpose of this article, the following definition of SIA is 
adopted: ‘a process of research, planning and the management 
of social change or consequences (positive and negative, 
intended and unintended) arising from policies, plans, devel
opments and projects’ (United Nations Environmental 

Programme 2007). SIA is thus focused on evaluating the social 
impacts from policy implementation, projects and develop
ment programmesthat are beyond impacts resulting from nat
ural resources (International Institute of Sustainable 
Development 2016). S-LCA evaluates the positive and negative 
social impacts of products from a product life cycle perspective 
by adopting the International Organization for Standardisation 
(ISO) 14044 assessment framework (Benoit and Mazijn 2009; 
International Organization for Standardization 2006). SO- 
LCA provides an extension to S-LCA by combining it with 
the Organizational Life Cycle Assessment (OLCA), which 
adapts the product LCA framework to an organisational per
spective (Martínez-Blanco et al. 2015). Among these three 
methodologies, the framework presented in this paper focuses 
on S-LCA, and it proposes an approach to evaluating the social 
impacts of product systems using an LCA framework.

Plenty of articles have highlighted methodological issues 
and challenges in social assessment methods. The systematic 
mapping performed by Bonilla-Alicea and Katherine (2019), 
showed that 88% of the reviewed articles adopted a social life 
cycle assessment (S-LCA) structure. The benefit is that it 
allows for easy integration of a social assessment with an 
environmental (E-LCA) or life cycle costing assessment 
(LCC), since it has the same structure. The disadvantage is 
that it carries the same challenges been faced by E-LCA, along 
with the challenges presented by social assessment themselves.

Table 1 provides a summary of previous articles that discuss 
methodological issues with S-LCA. Sureau et al. (2018), per
formed a literature review of existing S-LCA frameworks and 
evaluated the criteria used to select the impact criteria and 
metrics. Dubois-Iorgulescu et al. (2018), reviewed 
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methodologies to define the system boundaries in an S-LCA 
based on case studies. Their analysis highlights the high sub
jectivity in the case studies when defining the system bound
aries, as the criteria are mostly qualitative. Tsalidis et al. 
(Tsalidis et al. 2021) highlight how expanding system bound
aries by including companies that are subsidiaries of the parent 
company can result in a different social assessment result when 
performing an S-LCA analysis. Kühnen and Hahn (2017a) 
studied issues related to the lack of a standardised set of 
indicators across industries. They performed a systematic 
review of indicators across industry sectors and found that 
‘only a few sectors receive sufficient empirical attention to 
draw reasonable conclusions’. Petti, Serreli, and Cesare 
(2018) identified methodological issues in S-LCA that are 
borrowed from the E-LCA structure. They identified the 
impact assessment as the most fragmented stage of the analysis 
since there is no consensus on a method to complete this step. 
As a result, several different methods have been developed 
based on the needs of the applications. The performance 
reference point (PRP) method attempts to quantify the social 
impact based on a reference value for each indicator (Chhipi- 
Shrestha, Kumar, and Sadiq 2015). Subramanian et. al 
(Subramanian and Yung 2018) provide a comprehensive sum
mary of different PRP research applications with references. As 
stated by Shang et. al (Shang et al. 2018), ‘other methods rely 
on databases to perform the impact quantification based on 
categories determined from the scope of the study. Examples 
of such methods are the Social Hotspot Database (SHDB) 
(Norris, Aulisio, and Norris 2012) and the Product Social 
Impact Life Cycle Assessment (PSILCA) database (Ciroth 
and Eisfeldt 2015)’. The SHDB ‘was developed in accordance 
with the UNEP/SETAC guidelines and contains data of indi
cators numerous countries and economic sectors’ (Spierling et 
al. 2018).

A key aspect of S-LCA is the concept of stakeholder theory. 
Stakeholder theory is defined as ‘an instrument for evaluating 
the social harms and benefits resulting from company-stake
holder relationships during the life cycle’ (Kühnen 2017c). S- 
LCA evaluates such harms and benefits by means of indicators 
assigned to different stakeholder groups. A single definition of 
stakeholders in S-LCA is yet to be provided, as there doesn’t 
seem to be a consensus on their role in S-LCA (Mathe 2014). 
Mathe et al., highlight that ‘the role of stakeholders in LCA 
vary by project’ (Mathe 2014). They mention that ‘stakeholders 
may be considered in the following four ways: (1) as LCA 
method users, (2) as LCA results users, (3) as victims or 
beneficiaries of impacts, or (4) as actors in the definition of 
either the types of relevant impact or more generally the LCA 
methodology’. Based on the scope of this article and in the 
application of our framework, the definition of stakeholder 
applicable to this manuscript is definition (3), where stake
holders are seen as the recipients, and/or participants of any of 
the processes included within the system boundaries of the 
study. Although there is no consensus, the framework pre
sented in this article adopts the stakeholder definition pro
vided by stakeholder theory adapted to S-LCA (Benoît et al. 
2010). A stakeholder is defined as ‘any individual or group of 
individuals who are affected or can affect the achievement of 
an organization’s objective’(Freeman 1984). In S-LCA, stake
holders are then individuals or group of individuals that are 
affected or that can affect the activities considered in scope of 
the life cycle.

Impact assessment methods are divided as Type I and 
Type II methods in the S-LCA literature. Type I impact 
assessment methods ‘define impacts based on ordinal 
scales, where results describe either the risk, the perfor
mance or the degree of management of the impacts’ 
(Benoît-Norris et al. 2011). Type II methods aim to ‘define 
social impact pathways by using characterization models 
that results in cause-effect relationships between indicators 
and their resulting social impacts’ (Benoît-Norris et al. 
2011). This impact method aims at ‘establishing causal 
relationships between social activities that cause changes 
and effects resulting in impacts’ Kühnen and Hahn, 
(2017a). Garrido et al. (2018) performed an analysis of 
Type I methodologies, with a focus ‘on the inventory data 
used, the linking of inventory data to the functional unit, 
and the type of characterization and weighting methods 
being used’. Their analysis resulted in a proposed typology 
of characterisation and weighting methods. Zanchi et al. 
(2018) performed a systematic review of case studies 
focused on the automotive sector. The focus of their review 
was analysing how the goal and scope of the analysis is 
defined. Their analysis resulted in the identification of the 
following key elements affecting such a definition: ‘perspec
tive, S-LCA as a stand-alone method or within a Life Cycle 
Sustainability Assessment, selection and prioritization of 
indicators, definition of the functional unit and system 
boundaries, classification of background and foreground 
processes, data sources, data quality and geographic level 
of data’.

Table 1. Summary of articles investigating S-LCA issues.

Authors Journal Year Issue Investigated

(Sureau et al. 2018) International 
Journal of Life 
Cycle 
Assessment

2018 Selection of impact criteria and 
indicators

(Dubois-Iorgulescu 
et al. 2018; 
Tsalidis et al. 
2021)

International 
Journal of Life 
Cycle 
Assessment

2018 Identification of the system 
boundaries and areas of 
needed developments

(Kühnen 2017b) Journal of 
Industrial 
Ecology

2017 Identification of issues with 
indicators across industries.

(Petti, Serreli, and 
Cesare 2018)

International 
Journal of Life 
Cycle 
Assessment

2018 Weaknesses of Social Life Cycle 
Assessment (S-LCA) by 
means of case study 
analysis

(Garrido et al. 
2018)

International 
Journal of Life 
Cycle 
Assessment

2018 Exploration of type I S-LCA 
methods with a focus on 
inventory data, 
aggregation, 
characterisation, and 
weighting methods

(Zanchi et al. 2018) International 
Journal of Life 
Cycle 
Assessment

2018 Analysis of the main issues 
affecting S-LCA with a focus 
on the automotive sector
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1.2. S-LCA framework

In addition to the previously mentioned articles, the systematic 
mapping performed by Bonilla-Alicea and Fu (2019) high
lighted a set twelve of recurring challenges mentioned by 
authors of references cited in their literature review process. 
This set of challenges is used as the initial step in developing 
the S-LCA framework presented in this article. The research 
question investigated in this article is the following: How can 
the user be guided through the S-LCA process to overcome the 
identified challenges? This article proposes an S-LCA frame
work to evaluate the potential social impacts of products along 
their life cycle. By adopting the LCA structure it has the 
following assessment stages: goal and scope, inventory analysis, 
impact assessment, and interpretation of results. The frame
work provides a mapping of challenges to each stage of the 
S-LCA along with recommendations for how to overcome 
them. Also, a classification scheme is provided for the analysis, 
adopted from the work of Kjaer et al. (2018) on Product 
Service Systems (PSS). Analysis recommendations are pro
vided for each analysis type. This framework aims at advancing 
the S-LCA field by guiding users through addressing the iden
tified set of challenges and by providing databases of meth
odologies to overcome such challenges.

2. Methods

Table 2 shows the steps in the development of the novel 
framework. Steps 1–3 are explained in more detail in the 
following sections. The work presented in this article involves 
steps 2 and 3 of the framework development process. Step 4, a 
case study application of the framework is outside the scope of 
this article and will be the subject of a separate publication.

2.1. Systematic mapping of social assessment field

The first part of the work presented in this paper involved a 
systematic mapping of the social assessment field Bonilla- 
Alicea and Katherine (2019). Although most articles included 
in the systematic mapping adopted an S-LCA structure, the 
mapping included literature beyond S-LCA to identify poten
tial benefits that could be incorporated in S-LCA from outside 
disciplines. The research question investigated in the systema
tic mapping was the following: What are the current methods 
available to perform social impact assessments, and how have 
these been implemented? An important clarification must be 
made to the reader before reviewing the systematic mapping 
paper. In that paper, there is not a clear distinction between the 
SIA and S-LCA methodologies and definitions for these two 
are not provided. The reader should understand that there is a 
clear distinction among the two methodologies, and it is 
recommended to adopt the definitions provided in the intro
duction section of this article. The systematic mapping 
reviewed 81 articles, of which 49 included a case study applica
tion, and nine were non-peer reviewed articles. The main 
outcome from the systematic mapping was the identification 
of twelve recurring challenges to performing social assess
ments. The challenges, along with related journal articles, are 
summarised in Table 3:

2.2. Expert feedback study to evaluate the validity of 
challenges

To evaluate the validity of the identified challenges, expert 
feedback was collected through online surveys. Six experts 
provided their feedback. The expert feedback questions 
combined Likert scale type questions and open response 
type questions (online resource 1). A Likert-scale type of 
questionnaire ‘is a psychometric scale that has multiple 
categories multiple categories from which respondents 
choose to indicate their opinions, attitudes, or feelings 
about a particular issue’(Beglar and Nemoto 2014). The 
researchers wanted to allow the experts to provide any 
feedback outside of the Likert questions, which is why 
open ended questions were included in the expert feed
back surveys. The survey questions focused on evaluating 
the following criteria relevance or validity of the chal
lenge, frequency of encountering the challenge, and 
importance of the challenge. For the relevance or validity 
criteria, the experts had the following answer options: yes, 
maybe, and no. For the frequency of encountering the 
challenge criteria, the experts had the following answer 
options: always, sometimes, rarely or I don’t perform 
these types of assessments. For importance of the chal
lenge criteria, the experts had the following answer 
options: very important, moderately important, slightly 

Table 2. Steps for challenged-derived framework development process.

Step Method Purpose Results

1 Systematic 
mapping of 
social 
assessment field

Gather a detailed 
understanding of the 
social assessment 
field

Identification of 
recurring set of 
challenges to 
performing social 
assessments; 
Development of 
indicator database 
from multiple 
sources

2 Expert Feedback 
Study

Validation of identified 
challenges through 
systematic mapping 
of social assessment 
field

Validation of 10 
challenges and 
removal of 2 
challenges; total of 
challenges is now 
reduced from 12 to 
10.

3 S-LCA Framework 
Prototype 
Development & 
User Feedback 
Study

Develop a prototype 
version of the S-LCA 
framework to 
address the 
identified challenges 
and gather feedback 
on the application of 
the prototype and 
identify recurring 
challenges for novice 
users.

Framework application 
challenges were 
identified, and 
changes were made 
to the prototype 
version.

4 Case study 
validation

Validation of framework 
applicability and 
efficacy based on a 
real case study 
application. The case 
study application 
involves the 
evaluation of rooftop 
solar panels.

Application learnings 
and limitations are 
identified as well as 
enhancements that 
should be done to 
future versions of the 
framework. The case 
study is outside the 
scope of this paper 
and will be the 
subject of a separate 
publication.
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important or I don’t know. A space for open feedback was 
also provided for each of the challenges. The experts 
consisted of active researchers in the areas of E-LCA, S- 
LCA and SIA. The list of experts contacted was created 
from the articles identified during the systematic mapping 
procedure, and these were contacted electronically via 
email. Although experts from North, Central and South 
America, the European Union, Africa, and Asia were con
tacted, responses were only received from individuals 
located in the United States and the European Union.

2.3. Novice user study

The novice user study involved undergraduate senior cap
stone students from the Georgia Institute of Technology, 
located in the city of Atlanta, GA. The students were 
provided with a 50-minute lecture on the topic of S-LCA, 
along with an example of an S-LCA of a laptop computer. 
As part of the lecture, the students were provided with a 
simplified version of the S-LCA framework (online 
resource 2) that didn’t include the impact assessment 
stage, which is part of the supplementary material provided 
with this article. The impact assessment stage was removed 
for the novice users because of the time and data resources 
available to the students during their capstone semester. 
For most of the students, the S-LCA lecture was the first 
time that they were introduced to the topic of social 
impacts, so performing a full S-LCA was deemed too over
whelming and time-intensive. Instead, the focus of the 
lecture and the exercise was to provide students with the 
knowledge to develop a complete plan to perform an S- 

LCA . The students were instructed to follow the frame
work and to use the United Nations Environmental 
Programme/Society of Environmental Toxicology and 
Chemistry (UNEP/SETAC) guidelines as a source of social 
impact categories and indicators for their analysis. 
Feedback data was collected electronically from the stu
dents regarding the usefulness of the framework to com
plete their analysis and to collect any other feedback they 
may have had. These activities were a part of the course 
that all students were expected to complete. Those students 
who chose to voluntarily participate in this IRB approved 
study gave consent to the research team to examine their 
course deliverables for the sake of this research effort.

Three reference documents were provided to the students, 
two of which are provided as supplementary material with this 
article: simplified capstone S-LCA framework (online resource 
2), S-LCA results template (online resource 3), and the UNEP/ 
SETAC Methodological Sheets for Sub-Categories in S-LCA 
(Benoît-Norris et al. 2011). The simplified framework consists 
of the following three assessment stages: goal and scope, inven
tory analysis and interpretation of results. As previously stated, 
the impact assessment stage was removed. The capstone stu
dents were also provided with guiding questions during the 
interpretation of results stage of the assessment.

The reports were assessed qualitatively based on the follow
ing eight criteria: evidence of social awareness, level of applic
ability to design project, accuracy, and completeness of 
framework implementation, increased mastery of appropriate 
terminology and vocabulary in S-LCA, ability to be critical of 
their projects for the sake of improving social impacts, goal 
and scope explanation, inventory analysis explanation and 

Table 3. Identified challenges to performing social assessments.

Challenge Explanation Related Articles

1 Determination of what social impacts to consider (World Commission 1987; James, Randall, and Haddaway 2016; Peruzzini et al. 2017)
2 Uncertainty with indicator selection, 

normalisation, aggregation, and weighting
(Grubert 2018; Eren, Alev, and Arif 2019; Holger et al. 2017; Siebert et al. 2018b; Norris, Aulisio, and 

Norris 2012; Siebert et al. 2018a; Dubois-Iorgulescu et al. 2018; Arcese et al. 2018; Reap et al. 2008a, 
2008b)

3 Determination of whether a functional unit 
should be used

(Kühnen 2017b; Reap et al. 2008a, 2008b; Kjaer et al. 2016; Reitinger et al. 2011; Bianchi and Ginelli 
2018)

4 Determination of minimum criteria to be 
satisfied during data collection efforts

(Benoît-Norris et al. 2011; Arcese et al. 2018; Janker, Mann, and Rist 2019)

5 Allocation of social impacts into different 
categories

(Arcese et al. 2018; Janker, Mann, and Rist 2019; Hossain et al. 2018; Gregori et al. 2017)

6 Connection of social impacts with products 
rather than with company conduct

(Sierra, Pellicer, and Yepes 2017; Fortier et al. 2019)

7 Definition of ‘social well-being’ used in the 
analysis

(Holger et al. 2017; Reitinger et al. 2011; Velden and Vogtländer 2017; Wang, Hsu, and Hu 2016; 
Wang, Osseweijer, and Duque 2018; Anaya and Espírito-Santo 2018)

8 Selection of a preferred method to perform the 
social impact assessments

(Benoît et al. 2010; Rafiaani et al. 2018; Reap et al. 2008a; Sierra, Pellicer, and Yepes 2017; Arvidsson et 
al. 2018)

9 Definition of the system boundaries (James, Randall, and Haddaway 2016; Garrido et al. 2018; Kjaer et al. 2016; Hossain et al. 2018; Corona 
et al. 2017; Dunmade et al. 2018)

10 Selection of global or location-specific data (Zanchi et al. 2018; Janker, Mann, and Rist 2019; Sierra, Pellicer, and Yepes 2017; Ekener, Hansson, and 
Gustavsson 2018)

11 Selection of scoring scales to report the results (Benoît-Norris et al. 2011; Poverty Reduction Group (PRMPR) and Social Development Department 
(SDV) 2003; Zanchi et al. 2018; Fortier et al. 2019; Fedorova and Eva 2019; Fontes et al. 2018; 
Gaviglio et al. 2016)

12 Selection of stakeholders relevant to the study (Poverty Reduction Group (PRMPR) and Social Development Department (SDV) 2003; Nichols Applied 
Management Management and Economic Consultants 2016; Janker, Mann, and Rist 2019; Hossain 
et al. 2018)
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interpretation of results explanation. For each report, a quali
tative score was given as either poor, acceptable, or excellent. A 
qualitative evaluation rubric (online resource 5) was used to 
evaluate the capstone student reports. An inter-rater agree
ment analysis was performed by evaluating the percentage 
agreement between two raters. Both raters were graduate 
level engineering researchers with expertise in qualitative and 
mixed methods research. The first rater coded all the data 
using the evaluation rubric (online resource 5). The second 
rater independently coded a randomly selected 25% of the 
data. Their agreement was checked by comparing the percen
tage of matching scores for the shared dataset. The goal of the 
inter-rater analysis was to evaluate the robustness of the qua
litative assessment and ensure scientific repeatability. A high 
agreement between the two raters indicates that the qualitative 
assessment measurement is robust and can be trusted as 
unbiased by one individual rater’s judgement

3. Results

3.1. Expert feedback study results

Table 5 provides a summary of the expert feedback results 
gathered electronically. The results for each Likert scale ques
tion are shown in (Figure (1,2,3)). Although the contact 
experts have combined backgrounds in LCA and SIA, most 
of them have a focus on applying the LCA framework. Each 
challenge was either provided support, mixed support, or no 
support from the experts, summarised in Table 4. Based on the 
expert feedback, the number of challenges was reduced from 
twelve to ten, by eliminating challenges number ten and num
ber eleven. These two challenges were removed, as they are 
considered more of issues with the design of the assessment 
rather than challenges to performing it. The expert feedback 
results support the rest of the challenges, which validates them 
and are thus kept.

0% 20% 40% 60% 80% 100%
Yes Maybe No I Don't Know

#1 Selection of social impacts

#2 Sources of uncertainty

#3 Use of a functional unit

#4 Quality criteria for collected data

#5 Allocation of social impacts

#6 Connection of social impacts with products

#7 Definition of “social well-being”

#8 Selection of impact assessment method

#9 Definition of the system boundaries

#10 Selection of global or location specific data

#11 Methodology to report final results

#12 Selection of stakeholders

“Do you think that the articulated challenge to perform social impact assessments exists?” 

Figure 1. Expert feedback results for question #1: ‘Do you think that the articulated challenge to perform social impact assessment exists?’.

0% 20% 40% 60% 80% 100%

Always Sometimes Rarely Never I don't perform these types of assessments

#1 Selection of social impacts

#2 Sources of uncertainty

#3 Use of a functional unit

#4 Quality criteria for collected data

#5 Allocation of social impacts

#6 Connection of social impacts with products

#7 Definition of “social well-being”

#8 Selection of impact assessment method

#9 Definition of the system boundaries

#10 Selection of global or location specific data

#11 Methodology to report final results

#12 Selection of stakeholders

“How frequently have you encountered this challenge ?” 

Figure 2. Expert feedback results for question #2: ‘How frequently have you encountered this challenge ?’.
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3.2. Novice user study results

The capstone report sections on S-LCA were assessed for seven 
capstone student groups. Table 6 shows the number of reports 
that were given each of the rubric scores for each criterion. The 
criteria used for the qualitative evaluation aims to capture the 
ability of the student teams to apply the provided reference 
template and reference documents and to thoroughly explain 
the importance of each assessment stage of the S-LCA. By 
doing this qualitative assessment, it is expected to identify 
the areas in which the students excelled, but more importantly, 
the areas in which the framework should be improved. Overall, 
most of the teams received an acceptable or excellent score in 
most of the criteria, which is encouraging. Quotes extracted 
from the highest quality reports are provided for each of the 
criteria evaluated. Portions of the quote related to details of the 
design are removed to prevent identification of the capstone 
projects and subsequently of the capstone team participants in 
the study.

Regarding criteria #1, ‘evidence of social awareness’, the 
teams did an excellent job of mapping the possible potential 
impacts to each of the stakeholder groups and the product life 

cycle stages. Some reports showed evidence of external 
research data and references, in addition to the reference 
documents provided, which shows increased interest and com
mitment. The following quote is from a report that had an 
excellent rating in criteria #1: ‘Associated with the production 
cycle, it is important to evaluate the methods in which the 
workers are affected. Workers are impacted by health and 
safety concerns associated with the use of PET, both with the 
sanitation concerns associated with used bottles and the 
extraction of the recyclable materials themselves both of 
which should be regulated under FDA standards’. The stu
dents make an important point in highlighting an area of 
concern in the process, which could be the focus of efforts to 
minimise impacts on workers. The reports that did poorly in 
this section either didn’t make any social awareness comments 
at all, or if they did, the comments were not mapped to any of 
the product life cycle stages or the stakeholder groups.

Criteria #2, ‘level of applicability of the project’, showed 
excellent performance, which is expected as S-LCA are deemed 
to be universally applicable. Even though the simplified S-LCA 
framework applies to all the capstone design projects shown in 
the evaluated reports, it does not mean that it will be perceived 
to be applicable by all students in the course. The S-LCA 
framework is expected to apply to all projects, but because 
only seven reports were reviewed in this qualitative assessment 
section, such a statement is made. Still, it is encouraging to see 
that for all the reports analysed for these criteria, the S-LCA 
framework was seen as applicable by the student teams.

Criteria #3, ‘Accuracy and completeness of framework 
implementation’, shows more of an acceptable rather than 
excellent level of completion. The reports that had a score of 
excellent, provided all the information asked for in the guiding 
documents and provided explanations for that information. 
Reports that had an acceptable score used the templates and 
guiding documents provided to develop the reports, but they 
failed in the interpretation of results stage. For this stage, 
guiding questions were provided, and only one of the groups 
answered all the guiding questions. The reports that were given 

0% 20% 40% 60% 80% 100%
Extremely Important Moderately Important Slightly Important Not important at all I don't know

#1 Selection of social impacts

#2 Sources of uncertainty

#3 Use of a functional unit

#4 Quality criteria for collected data

#5 Allocation of social impacts

#6 Connection of social impacts with products

#7 Definition of “social well-being”

#8 Selection of impact assessment method

#9 Definition of the system boundaries

#10 Selection of global or location specific data

#11 Methodology to report final results

#12 Selection of stakeholders

"How important is addressing this challenge to the success of performing a social impact assessment?" 

Figure 3. Expert feedback results for question #3: ‘How important is addressing this challenge to the success of performing a social impact assessment?’.

Table 4. Challenge classification based on expert feedback.

# Challenge Support
Mixed 

Support
No 

Support

1 Selection of social impacts �
2 Sources of uncertainty �
3 Use of a functional unit �
4 Quality criteria for collected data �
5 Allocation of social impacts �
6 Connection of social impacts with 

products
�

7 Definition of ‘social well-being’ �
8 Selection of impact assessment 

method
�

9 Definition of the system boundaries �
10 Selection of global or location specific 

data
�

11 Methodology to report results �
12 Selection of stakeholders �
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a score of poor either didn’t use the provided templates or just 
placed information in the templates without any supporting 
explanation.

Criteria #4, ‘Increased mastery of appropriate terminology 
and vocabulary in social impact assessment’, aimed at evaluat
ing the use of S-LCA terminology in the explanation provided 
by the students. Most of the reports used terms such as product 
life cycle stages, stakeholder groups, social impact categories 
and social impact indicators in their explanations. The follow
ing is a quote from a report that used S-LCA terms extensively 
throughout their explanations: ‘After selecting applicable life 
cycle stages for the device, the Methodological Sheets for Sub- 
Categories in the Social Life Cycle Assessment were utilized to 
determine stakeholders involved in each stage . . . For each 
stakeholder, there are social impact categories that affect that 
specific stakeholder. Within those categories are impact indi
cators that measure positive and negative societal impacts’. 

Here the students referred to the methodological sheets, and 
they used the terms ‘stakeholders’, ‘impact categories’ and 
‘impact indicators’. The reports that received a score of poor 
either didn’t use any of the terms or didn’t use the reference 
documents provided, which make extensive use of the terms. 
These reports were probably from groups that didn’t attend the 
S-LCA lecture explanation, but this is merely a speculation and 
must be investigated in more detail.

Criteria #5, ‘Ability to be candid and critical of their pro
jects for the sake of improving social impacts’, aimed at asses
sing the ability of the students to foresee the potential social 
impacts of their designs in an honest way. This part of the S- 
LCA requires the students to research the far-reaching impacts 
of their designs. Most of the reports received a score of either 
acceptable or excellent because they completed the templates 
for the goal and scope, and the inventory analysis sections. 
These two sections require the students to select and justify the 

Table 5. Summary of expert feedback regarding the challenges.

Challenge
Validated or 
Invalidated Narrative from Experts

Challenge #1: Determination of what social impacts to consider and 
how to quantify them

Validated The definition of a social impact should consider whose priorities are reflected 
when defining what is and what is not considered a social impact. Rather 
than focusing on how to quantify them, this challenge should only focus 
on the determination of what social impacts to consider.

Challenge #2: Uncertainty with indicator selection, normalisation, 
weighting, and aggregation

Validated Some experts believe that having a uniform set of indicators would make the 
assessment more robust, while others believe that having such a uniform 
set of indicators is not beneficial, as social assessments must incorporate 
local aspects.

Challenge #3: Determination of whether a functional unit should be 
used

Validated The use of a functional unit should consider the nature of the data being used 
and see how important it is to link it to a functional unit to make it 
valuable.

Challenge #4: Determination of minimum criteria to be satisfied 
during data collection efforts

Validated The experts recommend strict data quality practices that are tailored to the 
data characteristics themselves, rather than to define a universal set of 
criteria to be satisfied.

Challenge #5: Allocation of social impacts into different categories Validated This challenge is more relevant for analysing the results rather than 
performing S-LCA. Experts mentioned that in certain studies with 
qualitative data, the categories emerge in data analysis.

Challenge #6: Connection of social impacts with products rather than 
with the conduct of companies producing the products

Validated This challenge becomes relevant when defining the stakeholders in the 
analysis. When evaluating the social impact of a product, employees will be 
affected by both the conduct of the companies and by the design choices, 
so it depends on the nature and the scope of the analysis (Bonilla-Alicea 
and Katherine 2019).

Challenge #7: Definition of ‘social well-being’ used in the analysis Validated Well-being defined too narrowly means that S-LCAs can’t reach their full 
potential to influence decisions, design, and policy. Impacts don’t have to 
be directly related to social well-being or fit in its definition to be 
significant.

Challenge #8: Selection of a preferred method to perform the social 
impact assessments

Validated Having a preferred method for performing an S-LCA is important when 
comparing across different studies, but not so much when performing an 
individual assessment. A benefit of having a preferred method is that it 
would be universally respected, thus allowing it to be teachable and 
shareable.

Challenge #9: Definition of the system boundaries Validated Having extensive boundaries is beneficial, as they are inclusive of the social 
impacts considered, but they might make the analysis prohibitive. Having 
too narrow boundaries results in low financial and temporal requirements, 
but this might leave out crucial impacts from the analysis.

Challenge #10: Selection of global or location specific data Invalidated When performing a low-detail, screening analysis, the use of global data is 
convenient. When performing a highly detailed analysis, it is important to 
use location-specific data. Even though the decision to use global or 
location specific data is challenging, it is not a challenge in performing S- 
LCA. Rather, it is a challenge in the study design itself.

Challenge #11: Selection of scoring scales for reporting the results Invalidated This challenge is considered more as part of the interpretation of the results 
of the impact assessment, which is why it was removed from the list. 
Practitioners should select scoring scales that are relevant to the audience 
to whom they are communicating.

Challenge #12: Selection of stakeholders relevant to the study Validated The decision to select relevant stakeholders should be driven by the goal and 
scope of the analysis and by the resources available to the researchers. 
Researchers should aim to include as many stakeholders as possible in their 
study, given their constraints.
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selection of the affected stakeholder groups and possible social 
impacts upon them. The following quote is from a report that 
highlights the potential impacts of the proposed product: ‘If 
the . . . supplying company exploits workers, uses child labor, 
or overworks their employees to meet the increased demand 
for . . ., then the effects will be negative . . . A negative societal 
impact is that the new system reduces the slowdown periods, 
which means that the system will feed more . . . overall, and 
thus more . . . will be produced. This will cause more waste 
when the . . . are thrown away at the end of the life cycle stage’. 
This group presents the possible negative social impacts result
ing from the design and maps those potential impacts to 
stakeholder groups and life cycle stages. The groups that 
received a score of excellent in these criteria mapped the 
selected social impact categories and indicators to the respec
tive stakeholder groups and product life cycles, while also 
justifying their selections. Reports that received a poor score 
either did not mention any possible social impacts resulting 
from their designs or mostly referred to environmental 
impacts.

Criteria #6, ‘Goal and scope explanation’, refers to the first 
S-LCA stage. Out of all the criteria evaluated, this one had the 
most polarised results, with no teams in the acceptable col
umns and all of them receiving either an excellent or poor 
score. In addition to using the provided template, those reports 
that received a score of excellent clearly defined the goal and 
scope of their analysis and justified the definition. The follow
ing are quotes from reports that did excellent in this criterion: 
‘The . . . reduces paper waste and line slowdown periods, and 
the new system also brings changes to how the worker interacts 
with the line. The social impact assessment focuses on the 
effects of these changes’. This report clearly defines the goal 
and scope of the S-LCA being proposed. ‘The functional units 
being considered are the . . . and . . . of product. This is asso
ciated with the production, manufacturing, and end of life 
stages, shown in Table . . . ’ Here, the students clearly defined 
the functional unit of the analysis and defined the life cycle 
stages included in the analysis. These reports clearly defined 
the subsystems being analysed and used the goal and scope 
definition to guide the rest of the assessment. Those reports 
that received a score of poor either didn’t use the provided 
templates, or if used, no explanation or justification was pro
vided for the information provided.

Criteria #7, ‘Inventory analysis explanation’, refers to the 
second S-LCA stage. Most of the reports received either a score 
of acceptable or excellent. These reports used the provided 
template and reference documents to present the social impact 
categories and indicators relevant to the analysis. The reports 
that were given a score of excellent, explained the social impact 
categories and indicators selected, and in some instances, 
provided sources for supplemental information for their ana
lysis. The following quote from a student team report clearly 
defines the stakeholder groups considered in the analysis and 
the processes that guide the selection of the impact indicators: 
‘Stakeholders being considered in this assessment are workers, 
society, the local community, and value-chain actors . . . . 
Impact indicators include examining existing protocols, look
ing at the number of injuries over some time, and analyzing 
Occupational Safety and Health Administration (OSHA) vio
lations that occur that have not yet caused injuries, but could 
in the future. Value-chain actors are assessed to determine the 
effects of outsourcing labor, and indicators involve methods to 
ensure that . . . outsources their labor from reputable compa
nies, shown in Table . . . The local community is assessed to 
determine how . . . (the) new process will affect local employ
ment, with indicators analyzing how their employment demo
graphics change over time’. The reports that were given a score 
of poor either did not use the provided templates to organise 
the information requested in this section, or if the information 
was provided, no explanation or justification was provided.

Criteria #8 ‘Interpretation of results explanation’, corre
sponds to the final stage of the S-LCA. This section was the 
most challenging for the students, as only one team earned a 
score of excellent, and most scores were acceptable and poor. 
In the template, the students were given guiding questions to 
aid in this section of the report. At a minimum, the students 
were expected to answer all the questions listed. The teas that 
were given a score of excellent highlighted the potential 
impacts of the use of their product and the affected stakeholder 
groups. The following quote is from the team that received an 
excellent score in this criterion: ‘For the consumers, the dis
assembly and disposal process present the possibility for injury 
through mishandling, and potentially breaking parts of the 
product. This concern will be addressed with comprehensive 
disassembly instructions and the product will be designed so 
that as few steps as possible will be needed to disassemble the 
product’. In the report, the students highlight the potential 
impacts of the use of their product and the affected stakeholder 
groups. They also propose solutions to minimise the men
tioned health and safety social impacts in future design itera
tions. In those reports that were given a score of acceptable, the 
students did answer some of the guiding questions, but they 
failed to address in detail what future changes should be made 
to the design of the product to reduce future harmful social 
impacts. The reports that were given a score of poor either 
didn’t complete this section or did not address the guiding 
questions in their analysis.

For those student teams that followed the guidance pro
vided in the reference documents, the S-LCA results provided 
the expected information about the potential impacts of the 
proposed designs, about the relevant product life cycle stages 
and stakeholder groups, and about what future design changes 

Table 6. Qualitative assessment results of capstone S-LCA reports.

Criteria 
# Capstone Data Processing Criteria

Number of reports with the 
given score

Poor Acceptable Excellent

1 Evidence of social awareness 3 2 2
2 Level of applicability to project 0 0 7
3 Accuracy and completeness of 

framework implementation
3 3 1

4 Increased mastery of appropriate 
terminology and vocabulary in 
social impact assessment

3 1 3

5 Ability to be candid and critical of 
their projects for the sake of 
improving social impacts

2 3 2

6 Goal and scope explanation 3 0 4
7 Inventory analysis explanation 3 1 3
8 Interpretation of results explanation 4 2 1
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could reduce such impacts. Although several groups did not 
use the provided templates to organise the information, this 
may be due to a communication issue rather than an issue with 
the framework itself. Attending capstone lectures is not 
required for students, and as the semester gets more difficult, 
student attendance to capstone lectures tends to vary more 
significantly. As such, some of the students did not attend the 
S-LCA lecture. Another important aspect to consider is the 
variation in the capstone instructors’ perceptions of the impor
tance of the social impact section of the final report. Although 
most instructors supported and valued S-LCA as part of the 
capstone course, some instructors did not promote this pro
cedure in their capstone section, which might explain why 
some reports did not complete the section at all. Still, the 
feedback from the qualitative assessment helped identify 
changes that should be made to the simplified version of the 
S-LCA framework, which are discussed in Section 4 of this 
paper.

As described in Section 2.3, an inter-rater agreement ana
lysis was conducted to verify the robustness of the qualitative 
assessment criteria for the capstone reports. The results show 
an overall agreement of 76% among the two raters, which is 
considered moderate to strong agreement.

3.3. S-LCA framework and implementation

After incorporating the expert feedback study results and 
novice user study results and feedback, the resultant S-LCA 
framework is presented in Table 7. As previously stated, the 
framework follows an LCA structure, and it is based on stake
holder theory.

For the goal and scope stage, the framework proposes the 
classification of the analysis as either informative, comparative, 
or enhancement. This classification is adopted from the work 
of Kjaer et al. (2018) on evaluating the environmental impact 
of product service systems (PSS). The informative analysis is 
used when the analysis aims at understanding the potential 
social impacts of a single product system. In a comparative 
assessment, either various concepts of the same product are 
being compared or different products with similar function
ality are being compared. In an enhancement analysis, numer
ous iterations of the same product are compared, where each 
of the changes aims at improving the social impacts of the 
product. The framework also divides the analysis between 
company conduct and assessing a product or a technology. 
The two analyses can be combined depending on the scope of 
the analysis, but this separation ensures that indicators used 
for each are not combined.

In the inventory analysis stage, a semi-quantitative data 
quality assessment method is provided. Also, the classification 
of indicators depends on ‘the goal and scope of the analysis, 
and the intended application’ (Ren and Toniolo 2020). If the 
analysis aims at comparing the social impacts at a product life 
cycle stage level or at a stakeholder group level, the indicators 
should be identified as such to allow this.

In the impact assessment stage, the direction of improve
ment of each indicator is needed to determine the quantifica
tion equation used. This is important, as the numerical scale of 
the results is based on positive social impacts, meaning that the 

higher the number, the better the social impact. In the inter
pretation of the results stage, this framework recommends an 
individual assessment of each indicator along with a narrative 
description. No numerical aggregation is recommended for 
informative type of studies unless it is necessary for the goal 
and scope of the analysis. Numerical aggregation is only 
recommended for comparative and enhancement analysis to 
facilitate the comparison of different concepts and or products 
with similar functionality. It should be noted that the applica
tion of this S-LCA framework to a case study is reserved for a 
separate, forthcoming publication.

Table 8 provides a mapping of how the identified challenges 
map each stage of the analysis. The framework thus provides 
guidance at each stage of the assessment on how to overcome 
each of these challenges when doing the analysis. The provided 
guidance takes into consideration aspects about the study 
design, as these are factors that implicitly affect some of the 
challenges. For example, if a comparative type of analysis is 
performed, the recommendations provided on how to report 
the results is different than when an informative type of study 
is performed.

3.4. How is the framework implemented?

3.4.1. Goal and scope stage
The objective of the goal and scope stage is to define why the 
study is being performed and what is included in the analysis. 
The decisions made at this stage of the analysis are important 
because they have a profound effect on the rest of the analysis. 
Table 9 shows a template to summarise the information for the 
goal and scope stage of the analysis. The summary should 
define the reason for performing the study and a definition 
of the system boundaries. Also, the type of analysis being 
performed is defined (informative, comparative or enhance
ment), as this has major implications on the steps to follow 
for subsequent stages of the analysis.

3.4.2. Inventory analysis
The objective of the inventory analysis is to define the data that 
is used to perform the social impact assessment by means of 
the selection of the indicators used in the analysis. The selec
tion of indicators in an S-LCA is seen as a major source of 
uncertainty by experts. Even though there are many quantita
tive and semi-quantitative methodologies to establish agree
ment among the selection of the indicators used in the analysis, 
there are many factors that affect the final list of indicators. 
First, the selection of relevant indicators must match the goal 
and scope of the analysis. Second, there isn’t a universal list of 
indicators to choose from when performing an S-LCA. 
Although the lack of a universal set of indicators is also 
criticised, the breadth of applications of S-LCA makes it diffi
cult to have a single set of indicators that would cover any 
situation. As part of the systematic mapping procedure 
(Bonilla-Alicea and Katherine 2019), a database of indicators 
was created and organised (online resource 4). This indicator 
set is used as the starting point of the inventory analysis step.

The Global Reporting Initiative (GRI) provides a struc
ture for companies and organisation to publicly report how 
their activities contribute towards sustainable development. 
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The GRI standards thus ‘create a common language for 
organizations and stakeholders, with which the economic, 
environmental and social impacts of organizations can be 
communicated and understood’ (GSSB 2020). Although the 
authors recognise the value of the list of indicators pro
vided by the GRI, they want to extend this list based on the 
findings from the systematic mapping procedure. Different 
from the GRI, the indicator set provided with the frame
work (online resource 4) is structured based on the S-LCA 
presented in the UNEP guidelines (Benoit and Mazijn 
2009) by providing each indicator with an impact category, 
a stakeholder group and an indicator type (quantitative, 
semi-quantitative or qualitative). By collecting information 
from a multitude of sources in addition to recognised 
organisations and standards, the indicator list provided by 
the framework (online resource 4) aims to provide indica
tors that are applicable at smaller resolution levels relative 
to international and global standards. It might be useful for 
the user to combine the indicator list provided in the 
framework with those listed in the GRI based on the goal 
and scope definition of the project.

The steps described below are followed to select the list of 
indicators for this analysis:

(1) Refer to the indicator database provided with the fra
mework (online resource 1)

(2) Select relevant indicators based on the goal and scope of 
the case study
a. For each indicator, identify the following:

● Indicator name
● Indicator type: quantitative, semi-quantitative or 

qualitative
● Desired direction or direction of positive social 

impact: positive or negative
● Data collection method for indicator: primary 

(directly from source) or secondary (from indirect 
sources)

● Scale of indicator: State, region, industry sector or 
company

● Social impact category as per the Guidelines of 
Social Assessment of Products from United 
Nations Environmental Programme (UNEP) 
(Benoît et al. 2010)
○ If a new social impact category is desired, 

provide enough detail for the reader to under
stand why it is necessary

● Stakeholder group(s) as per the Guidelines of 
Social Assessment of Products from United 
Nations Environmental Program (UNEP) 
(Benoît et al. 2010)
○ If a new stakeholder group category is desired, 

please provide enough detail for the reader to 
understand why it is necessary

● Source of indicator
(3) Perform indicator data quality assessment using the 

modified matrix method provided in the framework
(4) Update list of indicators based on the results of the data 

quality assessment
(5) (Optional) Benchmark list of indicators using stake

holder input
a. When there is access to the stakeholders and when 

performing a high-detail analysis, use stakeholder 
input data to validate the list of indicators used in 
the analysis

(6) Define the performance reference points (PRPs) used 
for the quantitative indicators

The next step is to assess the quality of the data for each 
indicator using the provided matrix assessment method 
(online resource 6). The method is based on the data quality 
assessment presented in the 2018 Handbook for the Social 
Impact Assessment of Products (Fontes et al. 2018) and the 
Pedigree matrix method (Weidema and Wesnæs 1996). Each 
column represents the criteria used in the assessment. Each 
row provides the criteria needed to assign the data quality 
score. The scores range from 1 (best) to 5 (worst). The assess
ment is based on the following four criteria: (1) accuracy, 
integrity, and validity, (2) timeliness or temporal correlation, 
(3) geographical correlation, and (4) technological correlation. 
Accuracy, integrity and validity relates to the sources of the 
data, the acquisition methods used to gather the data, and the 
verification procedures used to collect the data (Weidema and 
Wesnæs 1996; Fontes et al. 2018). Timeliness or temporal 
correlation refers to the time correlation between the time of 

Table 8. Mapping of challenges to S-LCA stages.

Assessment Stage Related Challenge

Goal and Scope ● Challenge #3: Use of a functional unit
● Challenge #9: Definition of system boundaries
● Challenge #12: Selection of stakeholders
● Challenge #10: Selection of global or location spe

cific data
Inventory Analysis ● Challenge #6: Connection of social impacts with 

products
● Challenge #7: Definition of social well-being
● Challenge #1: Selection of social impacts
● Challenge #4: Quality criteria for collected data

Impact Assessment ● Challenge #2: Sources of uncertainty
● Challenge #8: Selection of impact assessment 

method
Interpretation of 

Results
● Challenge #5: Allocation of social impacts
● Challenge #11: Methodology to report results

Table 9. Goal and scope information.

Define the goal/objective of the study
What is the study objective?
Are processes considered?
Evaluation of company conduct
Level of Detail
Study timing
Reason for study
Single or multiple products?
Define the product functionality

Define the scope of the study
Spatial scale of analysis
Analysis type

Initial system boundaries
Life cycle stages considered
Associated activities
Stakeholder groups considered
Functional unit
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the study and the time of collection of the data (Weidema and 
Wesnæs 1996). Geographical correlation refers to the correla
tion between the area under study and the area of the collected 
data (Weidema and Wesnæs 1996; Fontes et al. 2018). 
Technological correlation refers to aspects of the enterprises, 
industries, and/or characteristics between the technology or 
product under study and the collected data (Weidema and 
Wesnæs 1996; Fontes et al. 2018). As stated by Weidema and 
Wesnæs (1996), it is important to see how each of the data 
quality indicators is assessing an independent aspect of data 
quality. In addition to assessing the data quality of the collected 
data, the results of the data quality matrix method should 
highlight the possibilities of improving the quality of the data 
being collected by evaluating the results for each of the data 
quality indicators. The resulting average score value must be 
less than 3 to pass the quality assessment test.

3.4.3. Impact assessment
The objective of the impact assessment stage is to provide 
meaning to the list of indicators created in the inventory 
analysis section. The first step is to define performance refer
ence points (PRP) for the quantitative indicators. PRPs are 
threshold values used to provide meaning to the quantitative 
data. They provide a reference from which to quantify the 
impact of the quantitative indicators. The impact assessment 
consists of qualitative, semi-quantitative and quantitative indi
cators. All values are normalised to a scale between 0–1, where 
0 represents the lowest social performance and 1 represents the 
best social performance. Because the final indicator values are 
assumed to represent positive social performance, the normal
isation procedure for indicators with different directions of 
improvement are different. For quantitative indicators, the 
range between the minimum and maximum reference values 
are used to normalise the quantitative indicator: 

Indicatornorm ¼
Indicator

ðPRP max � PRP minÞ
(1) 

There are two types of semi-quantitative indicators used in 
the framework, yes or no questions and a Likert scale with 
values between 1 and 5. To quantify yes and no questions, a yes 
is equal to a value of 1, and a no is equal to a value of 0. For 
Likert type questions, the normalisation depends on the direc
tion of improvement of an indicator. For an indicator where 
the desired direction of improvement is positive (5 represents 
the best social performance and 1 represents the worst social 
performance), the normalisation procedure is the following: 

Indicatornorm ¼
Indicator � 1ð Þ

4
(2) 

For an indicator where the desired direction of improve
ment is negative (1 represents the best social performance and 
5 represents the worst social performance), the normalisation 
procedure is the following: 

Indicatornorm ¼
5 � Indicatorð Þ

4
(3) 

As with semi-quantitative and quantitative indicators, the 
results are normalised between 0 (worst social performance) 
and 1 (best social performance). Table 10 shows the recom
mended quantification procedure adopted from the Product 
Social Impact Assessment (PSIA) framework (Goedkoop et al. 
2020). The quantification is based on the performance of the 
qualitative indicator relative to the PRP.

3.4.4. Interpretation of results
The objective of the interpretation of results stage is to identify 
the greatest contributors to social impacts and to propose 
changes to improve such impacts based on the results from 
the impact assessment stage. This stage consists of summaris
ing the main learnings from the analysis. The strategy used in 
summarising and communicating the results should align with 
the desired question to be answered by performing the study. 
In other words, the interpretation of results should align with 
the goal and scope definition of the analysis. The use of aggre
gation is not recommended to establish conclusions about the 
potential social impacts of the analysis, but rather as a strategy 
to facilitate comparison. The recommended strategy is to 
interpret each indicator individually; in addition to providing 
a numerical result, a narrative of the results obtained in the 
analysis should be provided. The aim of recommending a 
narrative is to provide a complete interpretation of the results 
to the reader, an interpretation that may not be clear from a 
single number.

The use of aggregation should also follow the type of ana
lysis being performed. When performing an informative study, 
no aggregation is recommended as the goal of the analysis is to 
understand the potential impacts of a single product system. 
When performing a comparative or enhancement type of 
study, the goal is to compare the social impacts among differ
ent alternatives. In this type of study, aggregation is only 
recommended to facilitate the comparison among different 
alternatives rather than to draw conclusions about social 
impacts. Aggregation may also facilitate comparison among 
different stakeholder groups or among different product life 
cycle stages, which again is only recommended to facilitate 
comparisons. Regardless of the aggregation strategy imple
mented, the aim is to select a strategy that aligns with the 
goal and scope of the analysis.

4. Discussion

4.1. Expert feedback study

Gathering expert feedback is beneficial in the development of a 
support tool, such as the S-LCA framework presented in this 
paper. Because of the breadth of applications covered by S- 
LCAs, having feedback from experienced practitioners adds 

Table 10. Quantification of qualitative indicators.

Value Level of Compliance

1 Ideal Performance
0.75 Progress beyond compliance
0.5 Compliance with PRP
0.25 Non-compliant to PRP but improving
0 Non-compliant and no signs of improving
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validity to the findings of the systematic mapping procedure. 
Out of the twelve challenges identified, seven were supported 
by the experts, four were supported but to a lesser degree, and 
one was not recognised as a challenge. These findings resulted 
in a reduction of the list of challenges from twelve to ten by the 
removal of Challenges #10 and #11. Challenge #10, ‘selection 
of global or location-specific data’, was removed because it was 
considered a decision about the study design, rather than a 
challenge to performing S-LCA. Rather than being a limitation 
to performing the S-LCA, the decision to use either type of 
data depends on goal and scope of the analysis and the char
acteristics of the system being analysed. For example, let us 
assume that an assessment of a global product system is per
formed. In such a case, the decision on whether to use global or 
location specific data may lean more towards using global data 
as a reference if the scope of the analysis is to assess impacts at a 
global scale. If the scope of the analysis is to assess impacts at the 
local level even though it is a global product system, then the 
study might provide more insight if location specific data is being 
used. A different scenario would be that there is only one option 
for the researcher. For example, if one is attempting to under
stand the impacts for a system where there is no reliable data 
available at a global scale, such as in the SHDB, only location 
specific data can be used. Challenge #11, ‘selection of scoring 
scales for reporting the results’, was also removed because it is 
considered more a part of the interpretation and communica
tion of the results, rather than a challenge to performing S- 
LCA. These results highlight the validity of the challenges 
identified during the systematic mapping procedure. The rest 
of the challenges were kept based on expert feedback data. 
Expert feedback has higher credibility relative to novice user 
feedback. This feedback aims to improve the usability of the S- 
LCA framework in professional practice by identifying concep
tual problems that require a higher level of experience and 
knowledge. Experts understand from experience the full context 
of S-LCA and LCA, so their feedback is better reflective of the S- 
LCA framework user needs with regards to the challenges to 
performing S-LCA than novice users that have never perform an 
S-LCA. The novice user study highlighted areas in which the 
simplified S-LCA framework should be enhanced.

One of the limitations of the expert survey feedback is the 
low number of participants. Despite the lower than desired 
number of experts providing feedback, electronic surveys 
allow researchers to contact experts globally. Nonetheless, six 
participants are a significant sample size for experts, as they are 
notoriously difficult to access, and sample sizes in studies of 
experts across the literature are often in the single digits. An 
additional limitation of the expert feedback is that, even 
though all of them were familiar with Life Cycle 
Assessments, not all of them had experience performing social 
impact assessments. Although there are inherent similarities 
between social impact assessments and life cycle assessments, 
it would be of benefit if all experts providing feedback had 
first-hand experience performing S-LCAs. Given the two lim
itations of the expert feedback study, it is recommended to 
perform such a task in a setting where the experts are present, 
such as a workshop or a conference on the topic of S-LCA and 
have them provide the feedback in person.

4.2. Novice user study

One goal of the S-LCA framework developed in this paper is 
for it to be useful for both novice and expert users. The novice 
user feedback collected in this research aims at complementing 
the expert feedback gathered and shown in this paper. The 
novice user study highlighted areas in which the framework 
should be enhanced to make it more useful in a classroom 
setting. The qualitative assessment revealed that the most 
challenging part of the S-LCA is the interpretation of results 
stage. More specifically, the results showed that students 
struggled the most with design recommendations to reduce 
social impacts in future design iterations. Although guiding 
questions and an example was provided in the S-LCA template, 
additional lecture time and a more detailed example might help 
students with this task. Future versions of the framework will 
provide students with additional guidance in this section, with 
a focus on how to determine potential changes to the product 
design that would reduce the negative social impacts of future 
design iterations. Another observation is that all the groups 
performed the S-LCA on the final design iteration. For future 
S-LCA capstone lectures, the students would be advised to 
consider social criteria at earlier design stages, and they should 
be provided with an even simpler version of the framework for 
such purposes. Also, the qualitative assessment revealed the 
differences between student performance that followed and 
those that did not follow the guiding templates. The quality 
of the report of the students that followed the provided 
instructions was far superior to those that did not use the 
reference documents provided. The learnings from the novice 
user study will be incorporated into the guiding templates and 
documents provided to future students. The goal is to provide 
future engineers with a basic understanding of social impacts 
and the tools available to systematically assess the social 
impacts of design decisions. The interrater agreement analysis 
resulted in an overall agreement of 76%. This value shows that 
even though it is useful, additional research may be pursued to 
improve the qualitative rubric used in the assessment to make 
it even more robust. Additional input may be requested from 
experts on how to modify the rubric to improve it.

The novice user study had limitations. One limitation is the 
low participation rate of the students. Participation of teams of 
students is difficult to achieve because the entire team must 
provide consent to use the team data. There were many teams 
for which only a portion of the members provided consent, so 
their data couldn’t be used. Because of such a low number of 
participants, no generalisations or statistical analyses of the 
results can be made for the rest of the senior capstone student 
population. An additional limitation is that there is no record 
of the number of students that didn’t attend the S-LCA lecture. 
This may be important when performing the qualitative assess
ment of the reports because it may be that the students that did 
better on the report are those that attended the S-LCA lecture. 
It may be that the reference materials were not enough for the 
students to know in detail what is expected from them in the S- 
LCA report section. Also, there was one team in the study that 
didn’t complete an S-LCA section at all. This might reveal 
some miscommunication issues regarding the requirements 
of the capstone report.
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4.3. What makes the framework novel?

There are two aspects that make the S-LCA framework pre
sented in this paper novel. The first aspect is that it is the first 
framework that uses a set of identified S-LCA challenges as its 
starting point. The S-LCA framework maps the individual 
challenges to each of the S-LCA assessment stages (goal and 
scope, inventory analysis, impact assessment and interpreta
tion of results) and then maps each of these challenges to 
methods for how to overcome them. Table 8 shows how each 
of the identified challenges maps to each assessment stage. This 
mapping from assessment stage to method is expected to 
provide a more holistic approach to addressing S-LCA chal
lenges, rather than the status quo approach of current studies, 
in which a solution method is presented for individual or a 
smaller subset of the challenges. By adopting this approach, the 
aim is to contribute to the development of a standard frame
work that is applicable to most problems, rather than provid
ing a solution to a single challenge. For each of the challenges, 
the user is presented with a database of methods to overcome it 
(online resource 4). The user is referred to (Bonilla-Alicea and 
Katherine 2019), where a database of S-LCA articles are pro
vided and could serve as an organised reference of previous 
studies. General recommendations, advantages and disadvan
tages of the different methods are provided to the user to help 
them make an educated decision about which method to use 
and why. By combining the identified challenges, how they 
relate to each S-LCA assessment stage, the methods and data
bases, the framework attempts to serve as a central source of 
information; time and effort will be saved for the user as all the 
needed information is found on a single document. Still, it is 
advised that the challenges, methods, and databases provided 
are limited to the findings of the systematic mapping proce
dure, and that their potential exists additional valuable infor
mation outside of the scope of the completed literature review.

The second aspect that makes the framework novel has to 
do with the goal and scope assessment stage of the analysis. An 
analysis classification scheme adapted from the work of Kjaer 
et al. (2018) on product service systems, classifies the analysis 
into one of the following three types: informative, comparative 
or enhancement. Current S-LCA studies don’t explicitly make 
such a distinction, and it is recommended because the type of 
analysis being performed is linked to recommendations in the 
inventory analysis and impact assessment stages. For an infor
mative type of study, the impact assessment results for quanti
tative indicators should be presented individually without any 
averaging. For comparative or enhancement studies, it is 
recommended to use a common indicator database for all 
products being analysed. It is only for the comparative or 
enhancement types of analysis that aggregation is recom
mended, and it should only be used to compare the S-LCA 
results of the different products or concepts being examined.

4.4. Limitations of the framework

As with any metric based framework, the main limitation of 
this framework is the risk of misinterpreting the social impacts 
for each of the stakeholders considered in the analysis. The 
goal of this framework is to support decision-making for 

experts, experts that are evaluating the social impacts of the 
system being analysed, based on their own interpretation. In S- 
LCA, local context becomes extremely important, meaning 
that a set of identified social impacts in a region or a group 
of individuals may be seen in a totally different manner by a 
different group of individuals. When performing the analysis, 
one must respect the opinions and input from the stake
holders, as they are the ones being affected by the system 
being studied. As an expert, one must redefine the term expert, 
in the sense that the stakeholders are the experts themselves, 
about what affects them and how. Therefore, it is recom
mended that the list of indicators is verified by using stake
holder input. There are some instances in which such an 
exercise may not be possible, either because of a lack of 
resources or because there is no way to reach the stakeholders 
and ask for their input. As with any stakeholder analysis, the 
individual or group of individuals performing the analysis 
must respect the stakeholder opinion and must avoid at all 
costs defining what is best for the stakeholder based only on a 
technical expertise.

5. Conclusions

A challenged-derived S-LCA framework is presented in this 
article. Relative to current S-LCA methodologies, the proposed 
framework either improves upon, expands, or follows a differ
ent approach relative to what is currently being done in the S- 
LCA field. Regarding the goal and scope assessment stage, the 
framework provides an improvement based on the definition 
of the level of detail of the study. Different levels of detail will 
have different data quality assessment requirements and dif
ferent data source requirements. For low-detail studies, only 
secondary data-sources may be used. For high detailed studies, 
primary data is required. Also, data quality requirements are 
more stringent for highly detailed studies. The overall strategy 
recommended in this framework is to use a two-step approach. 
The first step is to perform a low-detail study that incorporates 
as much information as possible within its boundaries. The 
results from such an analysis are then used to perform a more 
focused, higher detail analysis that relies on primary data. 
Regarding the inventory analysis stage, an improvement is 
made by forcing the user to define the aggregation procedure 
before creating the indicator database. This is needed so that 
the indicators are defined in a way that it allows for the desired 
level of aggregation. For example, indicators to be aggregated 
at the stakeholder group must be defined per stakeholder 
group or product life cycle stage; otherwise, the desired aggre
gation is not possible. For the interpretation of results stage, the 
results for the indicators must be a combined numerical and 
qualitative assessment to reduce misinterpretation. The quali
tative assessment should be in the form of a narrative and 
should complement the numerical indicator value.

The work presented in this study has inspired ideas for 
future research directions expected to advance both the frame
work presented in this paper and the social assessment field. 
One planned research direction is to further develop the fra
mework so that it can be applied during the complete devel
opment process of a product. The goal would be to incorporate 
portions of the S-LCA framework into the engineering design 
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process and describe how it could be applied at the different 
stages of the design process. This could result in a proactive 
approach to minimise the negative social impacts of a product, 
rather than relying on reactive measures. Future research 
should also pursue collaboration among engineers and social 
science experts. To provide a more holistic approach, colla
boration efforts between technical and social sciences should 
aim to educate practitioners on the dangers of over quantifica
tion and on the development of methods that will help more 
technical practitioners avoid losing customer needs informa
tion due to the use of purely quantitative approaches. Overall, 
future research should focus on the development of social 
impact assessment methods and on educating future profes
sionals in how to use them. Social criteria should be as impor
tant as economic and environmental criteria. Social impacts 
are tied to technical decisions, and future professionals need to 
have access to tools and methods to better understand such 
relationships.
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