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Abstract
Innovation is a driver of global economy growth.

Software intensive systems (SiSs) are embedded in the 
systems of various leading sectors, such as the 
automotive, robotics, and mobile phone industries and
they are creating new opportunities for innovation. 
However, SiSs are affected by a rapidly changing 
market and a reduced time to market. Software product 
innovation assessment is becoming important because 
firms need to know as soon as possible if their products
are aligned with the market and customer demands.  

However, this is not a simple process. To identify 
the existing assessment schemas applicable to software 
product innovation, we have undertaken a systematic 
literature review. We found no studies specific to the 
development of software, but several approaches for 
products in general are applicable to software even 
when no one finding is conclusive. Therefore, this is 
just the first stage for assessing software product 
innovation. Our findings are related to three areas of 
focus: (i) general, (ii) product innovation assessment
preparation, (iii) the assessment process.

1. Introduction  

Innovation concerns the commercial and practical 
application of ideas to real products [30]. Innovation is 
a broad research field that can be studied from both a
process and product perspective. Among the various 
types of innovation, product innovation refers to those 
products placed on the market that are new in some 
sense (either incremental, disruptive or radical) and/or 
some scope (firm, market, or industry level)
[11][12][14][26]. Product is a general term that applies 
to many different contexts. in this article, we are 
focused on SiSs. Embedded SiSs are creating new 
opportunities for innovation in leading sectors, such as
the automotive, robotics, mobile phone industries [25].

Innovation is a driver of the global economical 
growth, and software plays an important role in 
enabling information and communication technology 
(ICT) to contribute to this innovation. In 2010,

Organisation for Economic Co-operation and 
Development (OECD) pointed out that ICT innovation 
is driving the growth in some sectors, such as the 
Internet [24]. The overall economy is now driven by 
the growth of ubiquitous software and new software 
and services, even though income and employment 
crises are negatively affecting other sectors [24].
Software innovation is also perceived as being 
important by software developers [24]. Table 1shows a 
list of the most relevant factors of software 
development activities that developers consider to be
drivers for software innovation.  

Table 1. Innovative factors of sw. development. [24]
Factor Importance for 

innovation
Trained human capital 92
Quality customer rqmnts. quality 81
Cost customer rqmnts. 72
Security customer rqmnts. security 72
Other 71
Protection of intellectual property rights 69
Application of technological Stds. 67
Legal, regulatory and administrative env. 65
Interoperability customer rqmnts. 65
Security issues 62
Customer's financial strength 40
Access to financing 34

The nature of software system development is 
changing. Software is increasingly being developed in 
the context of software ecosystems where companies 
and external developers work together to add value to 
the products to speed up the time to market [7]. 
Therefore, software production is important to both 
firms and developers.

SiSs are being exposed to fast market changes and 
reduced time to market. A clear example of this impact 
is the Internet traffic from smartphones and tablets. 
After the introduction of smartphones and tablets, the 
use of the Internet away from laptops and desktops 
increased up to 7% of all digital traffic in the United 
States [4]. In less than two years, tablets alone have 
become responsible for around 2% of this traffic.

Therefore, to increase their chances in leading the
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market, firms needs assess their software products to 
determine as soon as possible if they are aligned with 
the market. That is one of the reasons why innovation 
assessment is so relevant.  

However, this is not simple. In the literature review 
performed, we found no information specific to 
software products. Several approaches for product in 
general are available, but none are conclusive.
Considering products in general, Balachandra et al. [6]
pointed out that almost 90% of new products 
developed do not achieve their business objectives 
when they are put on the market. In spite of the efforts 
to innovate, Axel et al. [18] have argued that in many 
companies, this business objective deviation is due to a 
gap between their innovation strategies and the 
developed products. Companies are devoting their 
effort and resources to building new products, but they 
do not have any mechanisms for evaluating if the 
innovative product will be successful or if it will meet 
its budget and profit expectations. Sun et al. [29]
pointed out that companies need to know and 
understand the factors that cause a product to either 
succeed or fail. A product fails when it does not 
achieve its business goals. This would enable a 
company to invest its money and effort in the adoption 
of the innovation factors and practices that are relevant 
to building successful new products.  

Therefore, companies need to evaluate products 
from an innovation perspective to reduce the gap 
between their developed products and the market. This 
is even more relevant in the case of SiSs, where real
time, timeliness, complexity, interoperability, 
reactivity, and resource sharing are critical features of a
new system [7][8][32]. 

The amount of time for producing the right product 
for a particular market is being dramatically reduced, 
and innovation is increasingly needed to achieve the
established goals. For years, companies have been able 
to evaluate software product quality characteristics by 
applying the well-known ISO/IEC 9126 [1], which 
later evolved into the ISO/IEC 25000 series [3], known 
as SQuaRE. But the fact is that there are no standards, 
recommendations, or guidelines that are globally 
accepted for evaluating SiS innovation characteristics. 
Within this paper, software product innovation 
assessment is understood as the evaluation of software 
products based on a list of factors and from different 
perspectives to determine the extent a product that is 
either new or under development satisfies those 
innovation factors. Innovation factors are indicators for
estimating the probability that business expectations 
will be achieved.

Some schemas to evaluate product innovation have 
been developed (e.g., [5], [6], [10], [16], [19], [20],
[21], [29], and [31]), but they are not specific to SiSs;

in addition, there is no consensus about the factors or 
the procedures for performing an evaluation. Ernst [13]
detected that the newness of innovation has not been 
consistently defined in the existing empirical studies 
and, consequently, the compatibility of findings is 
somewhat limited. Therefore, further research should 
be done regarding the definition of general 
frameworks.

This paper presents the results of an analysis of the 
existing literature on software product evaluation 
models. The analysis addresses the main existing 
evaluation schemas and their elements in terms of 
dimensions, factors, strengths, and challenges.

The rest of the paper is structured as follows: 
Section 2 explains the research methodology applied.
Section 3 reports the results obtained from the 
literature review. Section 4 highlights the findings 
regarding product innovation evaluation. Section 5 
presents the main conclusions and future work needed 
for product innovation evaluation.

2. Research methodology 

We chose to perform a systematic literature review
(SLR) to analyse the software product innovation 
assessment. An SLR is a critical assessment and 
evaluation of the existing research that address a 
particular issue. The objective is to determine in 
advance the selection of the studies to analyze, data 
collection, and the aggregation strategy. SLR uses a 
rigorous and auditable methodology for identifying,
evaluating, and explaining the available research on 
specific research questions [2]. According to Budgen et 
al. [9], SLRs are important for (i) summarizing existing 
evidence concerning a practice or technology, (ii) 
identifying the gaps in the current research, (iii) 
helping position new research activities, and (vi) using 
empirical evidence to determine whether the given 
hypothesis is supported or contradicted. 

As described by Kitchenham [2], an SLR is 
composed of three phases: planning, conducting, and 
reporting. The planning phase involves developing a
review protocol, and the conducting phase involves 
executing the planned protocol. Finally, the reporting 
phase is comprised of relating the results of the review 
to the broader community. This process ensures the 
repeatability of the review and enables understanding
of certain decisions have been made. 

2.1. First phase: Planning the review
Objective and Research questions. The objective of 
the proposed review is to determine the existing 
schemas for evaluating software product innovation 
and also to identify key elements and challenges in 
product innovation assessments. These are five 
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research questions that are addressed in this review:
1. What are the goals of a product innovation 

evaluation?
2. What is the environment of the product innovation 

evaluation?
3. What are the existing schemas (structure and types)

for evaluating products from the innovation 
perspective?

4. What is the relevance of the innovation factors?
5. What are the main challenges of the product 

evaluation schemas?
Search strategy. A search strategy is a formal method 
for finding the scientific publications that are relevant 
to the proposed research questions. A formal search 
strategy makes it possible for other researchers to 
replicate the study in the future. To conduct the review, 
we explored the main electronic databases, including
IEEE Xplore, ACM Portal, Science Direct, SciVerse, 
and EI Compendex. The search retrieved scientific 
papers, which are considered primary studies; 
publications based on primary studies, which are 
considered secondary studies; and tertiary studies.

After defining the search strategy, the next step was 
to select the search terms. A wide list of search strings 
including tokens, such as “product”, “innovation”, 
“software”, “evaluation”, and so on, was set up. The 
initial list of terms was fine-tuned by an iterative 
process. Strings like “product innovation”, “software 
innovation”, or “success product” presented two main 
challenges: (i) a huge number of results (ii) and most 
of the results were out of the scope of this research 
focus because they did not address any factor useful for 
innovation assessment. Finally, the strings selected 
included “software product innovation”, “evaluation or 
assessment or measurement”, and “factors” (which is 
the term used in the specialized literature related to the 
evaluation of innovation). 

The final terms selected were the following:
- “software product innovation”, as we are interested 

only in software product innovation
- “evaluation or assessment or measurement”, as we 

are interested in knowing how innovation has been 
evaluated.

- “factors”, as we are interested in knowing what
factors were considered in the evaluations. 

These terms were combined to produce the following 
search chain: “(software product innovation) and 
(success factors) and (assessment or evaluation or 
measurement)”.
Inclusion and exclusion criteria. The review protocol 
also determines the criteria for determining whether 
each potential publication should be included or 
excluded in this systematic review.
Inclusion criteria
- Type of study: The study must be scientific material 

written in English and must include the search terms 
defined in the previous section. Scientific material 
includes papers, short papers, experience reports, and 
summaries of workshops subjected to a scientific 
peer-review process.

- Date: The study must be a scientific paper that was 
published before December 2012, which was when 
we began our analysis.

Exclusion criteria
- List of factors: The publications that did not include 

innovation evaluation mechanisms or a list of 
innovation factors were excluded. 

- Abstract analysis: The publications that did not refer
to innovation evaluation mechanisms or innovation 
factors in the title or abstract section were excluded. 

- Innovation process: The publications that refer to the 
innovation process because they addressed factors of 
the innovation or development processes but did not 
focus on the products themselves were excluded. 

- Reductio ad absurdum: The publications that did not 
fulfil the inclusion criteria were excluded.

Quality assessment. Kitchenham's guidelines [2]
suggest performing a quality assessment of each 
included study, which is complementary to the 
inclusion/exclusion process. There is no universal 
definition of the term “quality”, but the Critical 
Appraisal Skill Programme (CASP)1 presents a 
checklist for assessing the quality of qualitative 
research. These are the criteria, adapted from CASP, 
that were used in the quality assessment in this 
systematic review:
1. Is there a clear statement of the aims and objectives 

of the research?  
2. Is there an adequate description of the context in 

which the research was carried out? 
3. Is there an adequate description of the proposed 

contribution, method, or approach? 
4. 4. Is the evidence obtained from experimental

studies or observational studies? 
6. Is the study valuable for research or practice?  

2.2. Second phase: Conducting the review
In this phase, the review was conducted by 

following a sequence of steps: search for studies; select
relevant studies’ and perform the quality assessment, 
data extraction, and data synthesis.
Search for studies. By applying the search strategy 
described above, we retrieved 744 studies. Some 
results were redundant because they appeared in 
different databases; therefore, we ended up with 274
different candidate publications for the next step. Table 
2 presents the results obtained from different research 

1 http://www.casp-uk.net/wp-content/uploads/2011/11/CASP\_Qua
litative\_Appraisal\_Checklist\_14oct10.pdf
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databases, including journals and conference 
proceedings. The Retrieved Column represents the 
number of publications obtained from the source. The 
Included Column represents the number of papers that 
were selected for the next step. Finally, Excluded 
Column represents the number of publications that 
were excluded because they did not satisfy the 
inclusion criteria. The Total Row represents the total 
number of results of each category, including the 
redundant values.

Table 2. Systematic search results. 
Database Retrieved Included Excluded

IEEE Xplorer 46 6 (13\%) 40 (87\%)
ACM Portal 112 1 (01\%) 111 (99\%)
Springer 279 10 (04\%) 269 (96\%)
SciVerse 264 18 (07\%) 246 (93\%)
EI Compendex 43 8 (19\%) 35 (81\%)
Total 744 43 (06\%) 701 (94\%)
Study selection. After determining which papers met 
the inclusion criteria, we processed their abstracts and 
keywords with more detail. Only 18 publications 
referring to innovation evaluation mechanisms or 
containing a list of innovation factors were accepted. 
Therefore, a total of 256 publications were rejected 
because they did not satisfy the inclusion criteria. Each 
publication was analyzed to extract the following 
information: publication date, authors, innovation 
factor list, type of factor evaluation, data gathering 
method, and strengths and challenges identified in the 
publication. All these data were organized into a
spreadsheet for analysis. 
Study quality assessment. Each study was assessed 
on the basis of the quality criteria defined above. Only 
13 (72%) publications met the quality criteria. We then 
synthesized the results. As the number of selected 
results was too low, an additional quality assessment 
process was performed. For each selected publication, 
we performed a reverse search. Those papers citing a
selected paper were analyzed to determine if any more 
recent publications could be located, but no new 
publications related to this research were identified.

3. Reporting the review

Finally, 13 publications were selected. The selected 
paper dates were published between 1998 and 2012 
and all dealt with product innovation. All were 
compilations of studies about product innovation 
evaluation or innovation factors, but none of the 
studies were specifically about product software.
Therefore, our study is considered to be a tertiary study 
because it is an SLR based on secondary studies. 
Papers were classified into three groups (Experience, 
Questionnaires, and Literature Reviews) and sorted 
according to publication date. Each group name 

represents the main source used to identify the factors 
applied in the innovation evaluation. Fig. 1 shows the 
distribution of the selected publications. 

Fig. 1. Analyzed publications classified by type.
Each paper was then analyzed according to the five 

research questions defined in Section 2. The following 
subsections present the answers to these questions.

3.1. What are the goals of the product 
innovation evaluation?

Three main goals of product evaluation have been 
identified in this SLR: to increase the knowledge of 
success or failed products, to have a better 
understanding of the impact of innovation factors, and 
to support decision-making processes. 

Product innovation evaluations have been used to 
increase the current knowledge regarding why products
succeed or fail in new product development (NPD), the 
purpose of which is to create new products and add 
value to an organization [18]. Success in innovation is 
a broad field, and researchers have focused on specific 
issues. According to Johne et al. [18], Lester [21], and 
Cooper [10], assessment is used to capture the 
knowledge behind the success or failure of NPD. This 
knowledge is important to companies because it helps
them establish a list of factors for assessing products. 

Other authors like Balachandra et al. [6] and
�stebro [5] have proposed that assessment should be 
used to provide a better understanding of the influence 
of each factor in the NPD process. The influence of
each innovation factor depends on the type of 
innovation, the market, and the technology applied in 
the development of the new product. Moreover, 
Cooper et al. [10] used the list of factors to identify 
enablers and blockers of NPD. They concluded that a
factor acts as an enabler if its presence during the 
product development process helps the company to 
achieve product goals. It is a blocker if its presence 
makes it difficult for the company to reach product 
goals. Ernst [13] only evaluated the impact of 
innovation factors on NPD. Sun [29] organized factors 
in a bi-dimensional model according to development 
phases and the level of importance/adoption of each 
factor. He found that innovation factors could impact 
the entire development process, not only specific 
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activities. 
Finally, Krishnan et al. [20] used product 

innovation assessment to support the decision-making 
process during product development by implementing 
a list of innovation factors.

3.2. RQ2. What is the environment of the 
product innovation evaluation?

Three main issues determine the environment of 
product innovation evaluation: the organizational level 
in the company where the assessment is performed, 
who is in charge of performing the evaluation, and 
when the evaluation is performed.

At the organizational level, data on innovation 
factors are collected internally at the micro-level 
(project) but have an impact at the macro-level 
(company). This is relevant because depending on the 
organizational level (project or firm) where the 
evaluation is being performed, some innovation factors 
could remain hidden. At the organizational level, 
Cooper [10] considered that innovation factors should 
be assessed at the macro-level (firm level) to 
understand the impact of the innovation on the whole 
organization. This is because factors represent internal 
knowledge that could determine the difference between
successful and unsuccessful products. Krishnan [20],
however, highlighted that factors are different for 
different products and types of products. Therefore, the 
project level is where factors should be analyzed. 
When any new innovation factor is adopted at the 
project level, it takes time to scale up to company 
level. Therefore, if the evaluation is performed at the 
firm level, new factors at the project level are ignored. 
A possible solution proposed by Crossan et al. [11] is
the application of a practice-based view approach with 
round-trip decisions through all organizational levels
from the firm level to the project level and back again. 

The second issue of product innovation evaluation 
is who will be performing the product innovation 
assessment: it is not clear if this should be an internal 
or external process. Internal and external assessments 
can potentially be applied at different stages of 
software product development to improve the feedback 
received by the company. However, Cooper et al. [10]
found that product evaluation is usually performed 
internally by company personnel. McKinsey [22]
agreed with Cooper, stating that companies rely more 
on internal than external assessments because 
innovation data come from inside the company. This
becomes an issue of trust. It seems that internal 
evaluation is a good approach because companies have 
thorough information of the new product under 
development. But this could also be a challenge 
because products and their innovation are seen from a 
subjective perspective. Other studies, such as [6], [21],

[29], and [31], considered that the assessment should 
be performed by outside companies using 
questionnaires. In the case of external assessment, 
internal data are not always available to the evaluators 
due to privacy policies. Therefore, the results may not 
be adequate. 

Some researchers, such as Lester [21]�������	
 [5], 
Sun el al.[29], and Galbraith et al.[16], have proposed 
that product evaluation should be performed as soon as 
possible; that is, during the requirement definition
phase or when the product is only a preliminary
version (e.g., alpha or beta releases). This is because at 
the early stages of product development, it is possible 
to perform an early analysis of the innovation of the
product under development to react to market needs or 
changes and still change some product features with a 
limited impact on cost. In spite of this, in most cases, 
the evaluation is performed when the product is 
already on the marketplace, when companies can 
gather data to analyze the impact of the product.

3.3. What are the existing schemas (structure 
and types) to evaluate products from the 
innovation perspective?

Subsections 3.1 and 3.2 showed that product 
innovation evaluation is performed based on 
innovation factors. All the analyzed studies considered 
innovation factors to be complex structures composed 
by variables. These variables could be represented by 
continuous or discrete data. All authors agreed on the 
use of discrete values as input to represent the data. 
Typical values are very low, low, medium, high, or 
very high. Discrete values provide sufficient 
information for evaluating factors at early stages of the 
product development, even when uncertainty over the 
product is still high.

Krishnan et al. [20] proposed the use of vectors of
variables to represent factors. This approach allows 
evaluators to change the factor relevance by assigning
weights to factors if it is needed. These vectors
represent the innovation of a product. The stored 
values provide the rationale of the product innovation.

Factors are grouped into dimensions. Dimensions 
represent abstract concepts surrounding innovation 
factors. The dimension-based representation allows 
evaluators to apply different levels of abstraction to 
model each dimension in terms of the granularity of the 
information required in the assessment. Twelve main 
dimensions were identified in the analyzed 
publications (see Table 3). The first column contains 
the first author’s name, and the last column shows the 
number of dimensions considered for each publication. 
The remaining columns are the dimensions. Each row 
contains the information for each publication. 
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Table 3. Innovation factor dimensions. 
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Johne et al. [18] X X X X 4
Balachandra el al.[6] X X X X 4
Lester [21] X X X X X 5
Ernst [13] X X X X X 5
Sun et al. [29] X X X X 4
Soukhoroukova et al. [28] X 1
Cooper et al. [10] X X X X X 5
Krishnan et al. [20] X X X X 4
�����	
 [5] X X X X X X 6
Galbraith et al. [16] X X 2
Jerayaj el al. [17] X X 2
Klintong et al. [19] X X X 3
Tsai [31] X X X X X 5

Total 12 9 6 5 4 4 3 2 2 1 1 1 50
% citations 92 9 46 38 31 31 23 15 15 8 8 8 Avg : 4

When a publication proposes a dimension, it is 
represented by an “X” in the appropriate column. The 
two last rows represent the number of citations of each 
dimension and the percentage of the total number of 
citations. More than 90% of the studies considered
organization and almost 70% considered market as the 
most relevant dimensions when evaluating product 
innovation. Two other dimensions (environment and 
technology) were cited by at least 40% of the 
publications. These four dimensions covered 64% (32)
of all citations and were included in all of the 
publications. Almost 75% of the studies used four or 
more dimensions, and only one study (i.e., 
Soukhoukova [28]) analyzed one dimension the 
market. The average number of dimensions considered 
was four. 

Two main approaches were identified for assessing 
the product innovation factors: apply weights to the 
innovation factors and not applying weights. A 
weighted evaluation schema consists of a mechanism 
to assess product innovation through a list of factors 
and has the possibility of giving different weights to 
each factor. Therefore, each factor could have a 
different impact on the evaluation�������	
� [5] used a 
subset of the factors provided by Balachandra el al. [6].
The subset was composed of the factors with the
highest significance levels, and weights were
calculated by statistical methods. 

Other studies have applied different strategies to
represent the influence of each factor. Galbraith et 
al.[16] combined the application of Delphi processes 
[27] and statistical analysis to assign weights to factors.
Tsai [31] also applied weighted factors, but he used 
artificial intelligence (fuzzy logic) to calculate the 
weights. Similarly, Klintong [19] proposed the 

application of other artificial intelligence techniques, 
such as an artificial neural network or genetic 
algorithms, to assign weights to factors.

Un-weighted evaluation schemas consist of a
mechanism to assess product innovation through a list 
of factors and give the same impact to each one. 
Therefore, each factor has the same weight in the 
evaluation. Table 4 includes detailed information of the 
studies according to each approach. 

Table 4. Citation by type of evaluation schema. 
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Organization [6][13][18]
[21][29]

[5][10][16][17]
[19][20][31] 5 7 12

Market [6][18][28]
[29]

[5][10][19][20]
[31] 4 5 9 

Environment [6] [5][10][17][19]
[31] 1 5 6 

Technology [6] [5][16][20][31] 1 4 5
Strategy [13][21] [10][31] 2 2 4
Dev process [13][21][29] [10] 3 1 4
Role & 
Commitment [13][18][21] 3 0 3 

Culture [13][18] 2 0 2
Project 
Management [21][29] 2 0 2 

Profit [5] 0 1 1
Operations [20] 0 1 1
Risks [5] 0 1 1

In these studies, the main mechanism for data 
gathering was questionnaires. In the most of the 
analyzed studies (e.g., [5], [6], [10], [16], [19], [20],
[21], [29], and [31]), product evaluation was performed 
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by the people involved in the evaluation using 
questionnaires. According to Tsai [31], it is very 
important that questionnaires are based on qualitative 
instead of quantitative values to reduce the uncertainty 
of answers.

3.4. What is the relevance of the innovation 
factors?

Another issue highlighted in the studies is that all
of the factors on each dimension do not have the same 
impact. For example, Balachandra et al. [6] presented a 
list of 72 factors organized into four dimensions: 
organization (35 factors), market (21 factors), 
technology (13 factors), and environment (7 factors).  

Table 5. Environment dimension factors. 
Id Factor description Frequency Rate Aggr. rate

1 Available Resources
or Raw Material 4 0.36 0.36

2 Political/Social 
Factors 2 0.18 0.55

3 Government 
Regulations 1 0.09 0.64

4 Industry Restructure 
Opportunity 1 0.09 0.73

5 Public Interest on 
Product 1 0.09 0.82

6 Risk Distribution 1 0.09 0.91
7 Product Liability 1 0.09 1.00

Table 5 shows the list of factors for the
environment dimension and their frequency. The
Frequency Column represents the number of times that 
each innovation factor was seen as relevant in the study 
performed by Balachandra et al [6]. The Rate Column 
represents the rate of each factor, which is calculated 
as the number of the factor's citation divided by the 
total number of factor citations. The Aggr. Rate
Column represents the cumulative sum of the rates. 

Fig. 2. Innovation factors aggregate rate evolution.
By analyzing the evolution of the aggregate rate, it

can be seen that all dimensions have asymptotic 
behaviour without a dependency of the number of 
factors of the dimension. Fig. 2 depicts the asymptotic 

evolution of the aggregate rate (y-axis) and the number 
of factors aggregated (x-axis). When there is a large 
number of factors, such as for organization or market, 
the common solution is to define an accuracy limit,
which can determine the number of factors that should 
be used in the evaluation to achieve a determined level 
of confidence. This method ensures that those factors 
with the highest frequency have been considered in the
evaluation. Therefore, not all the factors are used in the 
assessment process.

Table 6. Factors reach an accuracy limit of 70%. 
Dimension Num. Factors 70% Limit Percentg.

Organization 36 16 44%
Market 21 11 52%
Environment 7 4 57%
Technology 13 6 46%

This solution also has weaknesses. As the accuracy 
limit is based on factor frequencies, it represents a 
barrier for new factors that are identified and that need 
time to be relevant enough to be included in the 
assessment. This is one of the reasons why the impact
should be evaluated periodically. Table 6 shows the 
number of factors needed to achieve an accuracy limit
of 70% for each dimension. The first column contains
the dimensions’ name, the second column represents 
the total number of factors on each dimension, the third 
column represents the number of factors needed to
achieve the accuracy limit of 70%, and the last column 
represents the percentage of factors needed to achieve 
that limit. The average is 50% of the factors. This 
means that only 50% of the factors with the highest 
frequencies is needed to achieve an accuracy limit of
70% for each dimension.

3.5. Which are the main challenges of the 
product evaluation schemas?

Several challenges were pointed out in the analyzed 
studies. It is important to note that there is no 
consensus regarding the meaning of each innovation 
factor and the impact of each one on the success or 
failure in NPD. This problem has been highlighted by 
[5], [6], and [16].

Another challenge concerns the nature of each 
factor—whether it is qualitative or quantitative. Again, 
there is no agreement if factors should be continuous or 
discrete values, but it seems that qualitative and
discrete values are considered more often than other 
types as an easier way to get data in the assessment.

The type and number of the factors is another 
challenging issue. Both are very wide, and they depend 
on the author. Johne et al. [18] recommended 
collecting measures to find cross-cutting relationships 
between the innovation strategies and to then develop 
products in four dimensions: organization, market, 
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culture, and project management. Cooper [10]
proposed between 10 to 15 factors focused on 5
dimensions, Balachandra et al. proposed 72 factors 
organized into 4 dimensions [6], and Jerayaj el al. [17]
presented 135 factors. Klington et al. [19] proposed the 
application of artificial intelligence over 23 factors 
organized into three dimensions. Tsai [31] analyzed 5
dimensions through 24 factors covering the main 
product issues like conceptualization, skills, and 
organization. None of the studies provided guidelines 
on how to perform the assessment using factors.

The analysis of the various publications revealed 
that there is no consensus on the name, meaning of 
each factor and on how to determine whether a factor
is successful [5]. Therefore, prior to assessing product 
innovation, a kind of normalization process to 
harmonize factor names is needed. This lack of 
consensus produces three different situations. First, the 
same factor can be classified in different families. This 
is not an error because the same factor could impact in 
a different manner depending on the family; i.e. risk 
distribution impacts the market and technology
dimensions in the Balachandra et al. [6] list of factors.
Second, the same factor can be given different names 
in the same family by different authors; i.e. Krishnan 
[20] uses the name “Collecting and meeting customer 
needs” while Balachandra et al. [6] uses “Meets 
customer needs/wants” in the market dimension. To 
address this challenge, a systematic process for 
detecting these situations is recommended. Third, the
level of granularity of the dimensions can be different 
depending on the author; i.e., Montoya et al. [23]
presented market competitiveness as a factor, and 
Balachandra et al. [6] split this factor in three more 
detailed ones, namely competitive environment, few 
competitors, and market analysis. 

4. Key findings

The findings from this SLR can be divided into 
three main categories: (i) general findings about 
product innovation assessment, (ii) findings regarding
product innovation assessment preparation, (iii) and 
findings related to the assessment process.

4.1. General findings
Concerning general findings, the analyzed literature 

reports the following:
Finding 1. There is no evaluation schema focused on
software product innovation, although there are general 
evaluation schemas that are applicable to any type of 
product. However, innovation in software has a 
different nature than other types of products. As 
Pikkarainen et al. [26] pointed out, software is
malleable and intangible, and it has a low threshold for 

entering into the market. Software is also exposed to 
fast market changes and has a reduced time to market. 
Finally, software plays an important role in enabling 
ICT to contribute to innovation [24]. Therefore, it has 
sense to work in the definition of a customized 
software product innovation evaluation framework. 
Finding 2. A product innovation evaluation has been 
applied in different domains. In all of the reviewed 
studies, the assessment was based on a list of factors 
that were used in different domains. Some examples 
include Galbraith et al.[16], who used the factors to 
build models to predict future technologies; Jerayaj et 
al. [17], who performed an assessment of the adoption 
of innovation; and Soukhoroukova et al. [28], who
used innovation factors to support the classification, 
filtering, and selection of candidates in an idea market.
However, these studies did not evaluate software 
products.
Finding 3. Product innovation evaluation has been 
used to increase knowledge of successful and 
unsuccessful products, to have a better understanding 
of the impact of innovation factors, and to support 
decision-making processes. This finding was discussed 
in subsection 3.1. 
Finding 4. Three main mechanisms have been used to 
select the factors for determining product innovation: 
(i) literature reviews (e.g., [5], [6], [13], [16], [17], 
[18], [19], and [20]), (ii) questionnaires (e.g., [28], 
[29], and [32]); and (iii) professional experience (e.g., 
[10] and [21]). Fig. 2 presents the evolution of these
studies over the time. It shows that literature reviews 
have been the most popular method for compiling a list 
of factors.
Finding 5. There is no agreement about the nature of 
innovation factors, Should they be qualitative or 
quantitative? Should they be continuous or discrete
values? It was described in subsections 3.3 and 3.5.
Finding 6. There is no consensus regarding the 
meaning of each factor or how to determine when a 
factor can be considered successful. Consequently,
factor information is sometimes available under a 
different name. This was explained in subsections 3.3 
and 3.5. 
These findings show that a systematic process for 
supporting the rationale for a software product 
innovation evaluation is needed. There is enough 
literature to establish the fundamentals for a software 
product innovation assessment.  

4.2 Product innovation assessment preparation
Regarding the preparation of the product innovation 

assessment, the following are the main findings 
identified from the evaluated literature:
Finding 1. The assessment process has been performed 
at different organizational levels: project, department, 
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and firm. Depending on the organizational level, the 
assessment generated results with different targets
from team groups to the whole company. This finding 
was analyzed in subsection 3.2. 
Finding 2. Questionnaires are the main artefact used to 
perform the product innovation assessment evaluation. 
This was shown in subsection 3.3.
Finding 3. The assessment process has been performed 
at different stages of product development: at the 
beginning of the project to allow the company to react 
to a changing market or at the end of the project when 
the product is already on the market to increase the 
knowledge about the impact of the innovation on the 
company. This finding was analyzed in subsection 3.2.
Finding 4. Large questionnaires require too much of 
the respondents’ time, and the relevance of some 
answers is low. In most cases, analyzing around 50%
of the available innovation factors is enough to cover 
almost 70% of the possible factors. This information is 
relevant to build adapted questionnaires to perform the 
product innovation assessment and was analyzed in 
subsection 3.3 and 3.4.

These findings show that it is helpful to use a
questionnaire that contains a sufficient number of 
factors for performing a product innovation 
assessment. The number of factors should balance the 
time required to fill out the questionnaire and the 
relatively high accuracy of the available factors.

4.3 Assessment process
Finally, the following findings summarize the 

conclusions drawn regarding the assessment process: 
Finding 1. Two types of general evaluation schemas 
are available: un-weighted and weighted. This was 
analyzed in subsection 3.3.
Finding 2. Organization, market, environment, and 
technology are the most considered dimensions when 
evaluating product innovation from a general 
perspective. It was analyzed in subsections 3.3 and 3.4.
Finding 3. When the number of factors is high, this is 
harmful to the evaluation process for several reasons: 
(i) The time needed to perform the assessment could be 
very high, (ii) the respondents are asked to provide 
data with very low relevance for the evaluation 
process, and (iii) too much time is spent gathering the 
data. An additional problem identified by Lester [21] is
that the required information is not always available. 
This finding was analyzed in subsection 3.5.

These findings show that four main dimensions 
have been clearly selected in the literature. 
Balachandra et al. [6] has presented a complete list of 
factors in all these dimensions with adequate 
information for measuring the impact of factors. 

4.4. Final considerations

Some final considerations should be considered. 
The Balachandra et al. [6] study referred the same most 
cited dimensions that have been identified in this SLR. 
They also provide a complete list of factors that could 
be considered as the base for the evaluation process. 

Finally, to keep this systematic literature review up 
to date, we made an effort during the review to include 
the latest papers published. As a result of the literature 
review, new research topics in close relation to product 
innovation assessment, such as variables or innovation 
metrics, have been identified. It is still not clear how to 
handle lists of factors to keep them up to date.

5. Conclusion 

The main contribution of this paper is the 
identification of the main goals of product innovation 
evaluation. In addition, the advantages of different 
organizational levels have been identified. This review 
has been structured around 13 findings and has 
answered 5 research questions that address multiple 
aspects of product innovation assessment. The 
methodology used has been SLR, and articles 
determine to be applicable have basically been 
previous SLRs. Therefore, this paper can be considered 
to be a tertiary study of the existing evaluation schemas 
of product innovation. 

Existing evaluation schemas have been applied to 
different industry domains, but none has been focused 
specifically on software product innovation. Product 
innovation evaluation has been used mainly to increase 
the knowledge and understanding of innovation factors 
in product development. Evaluation schemas have 
three main sources: questionnaires, professional 
experiences, and the existing literature. However, there 
is no agreement regarding the meaning and nature of 
the innovation factors. Questionnaires are the main 
artefact used to perform product innovation 
assessment. Questionnaires could be applied at 
different organizational levels (project or company) 
and at different stages of product development.

Two main evaluation schemas have been identified: 
un-weighted and weighted. Both evaluation schemas 
are based on what has been called “innovation factors”. 
These factors are grouped into factor families. 
Organization, market, environment, and technology are 
the most referenced factor families. The results of this 
study contain limitations due to the reduced number of 
studies analyzed in the SLR.

Obtained results also have limitations derived from 
the reduced number of existing studies. These studies 
usually include different industrial sectors. Therefore it 
becomes necessary to extrapolate conclusions to the 
SiS industry, and conclusions need not always be true. 
Some limitations may also be derived from the search 
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string used in the SLR. However this limitation has 
been minimized performing reversed search from the 
obtained results from SLR.

The next step that the authors will perform will be 
to define a framework specifically adapted to 
evaluating software product innovation. This 
framework will help companies reduce the existing gap 
between developed software products and market 
needs. Our understanding is that the Balachandra et al. 
study [6] is a promising starting point. This framework 
will include an assessment process, a software product 
innovation assessment model, and a process for 
updating the innovation factors and the assessment 
rationale with innovation knowledge. Another issue 
that will be addressed is to increase the level of 
automation to support working with the framework. 
More research is also needed about how to measure the 
identified factors. Finally, we will seek to add to the 
current evidence for the identified findings.
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