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Abstract. Software architecture reviews help improve the quality of architec-
ture design decisions. Traditional reviews are considered expensive and time-
consuming. We assert that organizations can consider leveraging peer-reviews 
and recombination (i.e., promoting design improvement through sharing design 
ideas) activities to improve the quality of architectures and getting staff trained. 
This paper reports a case study aimed at exploring the potential impact of com-
bining peer-review and recombination on the quality of architecture design and 
design decisions made by novice architects, who usually have limited practical 
experience of architecture design. The findings show that the use of peer-review 
and recombination can improve both the quality of architecture design and do-
cumented decisions. From the decision-making perspective, this study also  
identifies the main types of challenges that the participants faced during archi-
tectural decision making and reasoning. These findings can be leveraged to  
focus on the types of training novice architects may need to effectively and effi-
ciently address the types of challenges identified in this study. 
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1 Introduction 

With the increasing size and complexity of software-intensive systems, the role of 
software architecture (SA) as a means of understanding and managing large-scale 
software intensive systems is considered very critical. The high level design descrip-
tion of a large system can help a system’s stakeholders to understand and reason 
about the designed architecture with regards to architecturally significant require-
ments (ASRs) of a software-intensive system [23]. Software architecting is a know-
ledge-intensive activity, in which a large amount of knowledge is being continuously 
consumed and produced. A poor quality architecture can lead to project failure that 
usually costs an organization dearly. Software development organizations pay signifi-
cant attention and allocate resources to design an appropriate architecture that can 
help achieve the functional and quality requirements expected of a system by all the 
stakeholders. That is why organizations focus on building their competencies in de-
signing and evaluating architectures before committing substantial resources to build-
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ing a system [12, 13, 15]. Software architecture reviews are usually performed infor-
mally by architects themselves or formally by quality assurance teams [13].  

An architecture review is considered as an effective way to ensure the quality of 
software architecture design [12, 15]. However, the current architecture review me-
thods and processes have not been widely adopted by industry due to a large number 
of limitations [12, 14]. Historically, (formal) architecture review processes rely on 
time-consuming, tedious and expensive face-to-face meetings [12, 14]. Given the 
increasing trend to leveraging crowdsourcing in knowledge-intensive activities, we 
assert that software architecture community should explore the potential role of 
crowdsourcing as an alternative method in designing and evaluating software archi-
tectures and getting novice architects to gain the required knowledge, skills, and expe-
rience by soliciting the contributions from the online communities [16]. We argue that 
two concepts peer-review and recombination can be leveraged simultaneously to im-
prove the quality of architecture design. Peer-review is a reciprocal process, in which 
people working in groups comment on the work of peers and provide feedback on the 
reviewed work [9]. Peer-reviews have been applied to several disciplines for identify-
ing the potential defects and improve the quality of the final product [9]. It is demon-
strated that crowdsourcing can help reduce development cost, faster time to market 
and increase the quality through soliciting diverse expertise and creativities from a 
large workforce [16].. In the recombination process, a specific type of crowdsourcing, 
the designers should share their designs to others and then they are encouraged to use 
the ideas from the shared designs if appropriate for revising their own design [3]. The 
recombination can be interpreted as an indirect collaboration [25] 

The main goal of this study is to investigate the role of peer-review process in 
combination with recombination on the quality of architecture design and design deci-
sion. We were also interested in identifying and classifying the types of challenges 
that the participants faced when asked to deign an architecture for a non-trivial system 
to be developed using state-of-the-art technologies of mobile cloud computing. We 
have conducted a case study involving students in an academic context. The findings 
provide preliminary evidence to support our assertion that combining peer-review and 
recombination can help improve the quality of architecture design and design deci-
sions as the participants took inspirations and borrowed ideas from designs of their 
peers and got engaged in intense design reasoning discussions. We have also identi-
fied four main categories of challenges that the participants of our study faced. The 
findings are expected to encourage further studies of leveraging crowdsourcing in 
software architecture design and guide the future training programs that can prepare 
the future architects to effectively and efficiently address the types of architecture 
design challenges faced by the participants of our study. 

The rest of the paper is organized as follows: section 2 gives a summary of  
background and motivation. Section 3 provides the details of the case study. The 
quantitative and qualitative results of the study are described in Section 4. The section 
5 reports a discussion on findings. Finally, we present our conclusions with future 
work in Section 6. 
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2 Background and Motivation 

Whilst there has been significant research on improving the quality of software archi-
tecture through architecture evaluation (i.e., reviews) [12], there has been little work 
on exploring the impact of peer-reviews on software design quality. Other design 
disciplines have devoted significant amount of efforts to investigate how feedback, 
(self) critique, and peer-review can improve design [1, 2]. Dow et al. [1] studied the 
impact of feedback on the quality of web advertisement designs when created in pa-
rallel and serially. They found that the parallel feedback on design led to better quality 
and more divergence in design. Dow et al. [2] showed that designing and sharing 
multiple designs for group discussion increases the quality of design rather than shar-
ing the best design for discussion. Moreover, they also found that sharing and discuss-
ing multiple designs can also lead participants to explore more concepts. 

Mao et al. conducted a survey of using crowdsourcing to support software engi-
neering activities [24]. The results of the survey reveal that although crowdsourcing 
has been widely employed for supporting coding and maintenance activities, it has 
been rarely used for software design. TopCoder1, as one of a few commercial crowd-
sourcing platforms, supports crowdsourcing software design in which competitors are 
allowed to provide software design specification based on given user requirements 
[24]. However, very little research exists on how architecture design, review and evo-
lution can be performed by multiple designers’ solutions (i.e., crowd) [3, 24]. To the 
best of our knowledge, there has been only one paper [3], recently published, that 
reports a study similar to our line of research. LaToza et al have investigated the role 
of “recombination” in software design by Crowd [3]. In the “Recombination” process, 
designers are encouraged to share their designs with others and take ideas and inspira-
tion through such sharing of design for improving their own. LaToza et al studied the 
impact of “Recombination” on the quality of two types of software design, user expe-
rience design and architecture design, through a design competition in which the par-
ticipants (i.e., graduate students) were asked to share their initial design. The authors 
organized two separate studies of user experience design and software architecture 
design. Each of the participants was asked to produce an initial version and a revised 
version design. For the revised design, the participants were encouraged to take inspi-
ration from other designs and the lessons learned from the crowd (i.e., other partici-
pants). The study concluded that the quality of software design can be improved 
through competitions and “Recombination” as almost all the participants borrowed at 
least one idea from other participants, who are considered “Crowd” in the study. One 
of the most interesting findings of the study was that even the strong designers used 
the ideas from the weak designs and improved their designs. 

We came across the work of LaToza et al. [3], while analyzing our data. That study 
increases our confidence in the importance of exploring the potential benefits of 
crowdsourcing in design and training architects how to leverage the power of peer 
review and recombination for improving the quality of software design. Our study 
investigates the roles of peer-reviews and recombination together on the quality of 

                                                           
1 http://www.topcoder.com/ 
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architecture design. We are especially interested in comparing the quality of design 
decisions documented by novice architects before and after peer review and recombi-
nation. Thirdly, our study design promoted extensive discussions involving technical 
arguments in favor and against the reported design and counter justifications. These 
discussions provided huge amount of qualitative data that helped us to discover the 
types of challenges novice architects can face when designing architectures. 

3 Research Design and Logistical Details 

Our long term goal is to empirically build a body of knowledge about the dynamics 
and potential benefits involved in applying crowdsourcing for improving software 
architecture design when traditional architecture review have been proven too expen-
sive to be widely adopted [12]. Based on the body of knowledge, we were also inter-
ested in training future software architects by identifying and classifying the types of 
common challenges they face during architecture design. This particular study pur-
ported to empirically study and understand the potential impact of crowd level re-
views and discussions on the quality of design using peer-reviews and recombination. 
We identified two research questions for this work.  

RQ1. How do peer-review and recombination affect the quality of architecture de-
sign? We planned to answer this question by analyzing the quality of the architecture 
design decisions and architecture designs submitted by each group of the participants 
before and after the peer reviews and recombination phases. The quality of the archi-
tecture designs and decisions has been quantified by applying the evaluation criteria 
(see sections 4.1.1 and 4.1.2). We also analyze the qualitative data from the discus-
sions and the feedback of the teaching assistant who had observed the whole process 
and assessed the architecture designs. 

RQ2. What challenges do the novice architects experience in architectural decision-
making and design reasoning? We envisioned to answer this question by analyzing 
the discussions on the design decisions made available for review, students’ reflec-
tions summaries in the submitted design reports, and the feedback of the teaching 
assistant on the students’ performance on design decisions before and after the peer-
review and recombination phases and the recurring challenges reported to her. 

3.1 Research Method 

An empirical study should be carried out using a suitable research method chosen based 
on the nature of the studied problem and the research questions to be answered. Since 
there has been scant research on the impact of peer-reviews and recombination on the 
quality of software design, we decided to carry out an exploratory case study in an aca-
demic setting. Case study is considered a suitable research method to investigate a con-
temporary phenomenon within its real-life context. Our study was an exploratory case 
study as it mainly deals with the “What” questions. Apart from the guidelines provided 
by Yin [8], we followed the checklist provided by Kitchenham et al. on case study re-
search [27]. The unit of analysis is group consisting of 4 participants. 
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3.2 The Participants and The System 

This study was carried out through the software architecture design and evaluation 
activities and submitted artifacts of 31 students who doing a senior level semester 
long (i.e., 14 weeks) software architecture course in 2014 at the University of Ade-
laide. Designing and evaluating architecture of a non-trivial software intensive sys-
tem, healthcare emergency support, were the major assessment tasks (i.e., 50% of the 
final grade). The design activities were supposed to be carried out by groups of 4 
members (one consisted of 3 members). The main training topics included quality 
attributes, architectural personas, concepts, principles, methods, and best practices of 
software architecture design, and documentation approaches. 

The main goal of the system is to support Australian healthcare workers when res-
ponding to emergency situations away from the hospitals. The emergency response 
team can consist of paramedics, doctors and medical staff located at hospitals. The 
system is supposed to provide mobile and reliable access to the required information 
about the patients. The system was to be designed to leverage mobile cloud compu-
ting technologies using Service Oriented Architecture (SOA) principles. Security and 
privacy were identified as the most important quality attributes. The system is ex-
pected to be able to integrate with other systems of Australian health care system to 
become a part of a healthcare ecosystem. 

3.3 Case Study Process  

The case study process (i.e., shown in Figure 1) consisted of following steps: 

1. Each group was given a set of requirements of a distributed emergency health-
care system and asked to design and document software architecture. Each 
group was supposed to provide following materials at the first phase: 

a. Concrete scenarios and reasons for the key quality attributes. 
b. A set of services to support different features of the system. The deci-

sions made for identifying the services along with the rationale. 
c. Documented design decisions using suitable architectural styles and pat-

terns along with the rationale for the choices made (in a given template). 
Table 1 shows the decision template along with an example of the do-
cumented design decision by group B. 

d. Model the Service Oriented Architecture (SOA) of the system by using 
SoaML [17] and show the use of patterns. The designed SOA was ex-
pected to contain the Service (including composed services) and Com-
ponent layers. 

2. The research team evaluated the quality of software architecture designs and 
design decisions made by each group in the first phase based on predefined 
criteria. The submitted architecture designs were evaluated by a senior Teach-
ing Assistant (TA) who had more than 10 years of industry experience. The 
TA did not know about the study. Later the two authors evaluated the quality 
of the documented design decisions. 
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Fig. 1. The steps of case study 

Table 1. A design decision captured using the template by group B. 

Concern How to develop the application to adapt to different devices? 
Ranking criteria 1. Portability  

2. Modifiability  
Option(s) Name MVC pattern  

Description MVC pattern divides an interactive application into three 
components and separates the data from presentation. The 
model contains the core functionality and data. Views dis-
play information to the user. Controller handle user input.  

Status This option is decided  

Relationship(s) - 
Evaluation 1. Portability is achieved by making the View an indepen-

dent part and the system. GUI is not interwoven with func-
tionality, so to adapt to different devices; we only need to 
change the View.  
2. Modifiability is achieved by separating Model, View and 
Controller. Each part is independent and can be modified 
without affecting other parts.  

Rationale of 
decision 

This option is decided because it provides a good solution to 
the quality attributes required. 
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3. In phase 2, each of the participants had two tasks: 
a. Individual task (i.e., participating in peer-review and recombination): 

each participant was expected to carefully and critically evaluate an as-
signed architectural solution submitted by one of the eight groups. The 
participants were expected to prepare a 1-2 pages summary of his/her 
evaluation and understating of the key architecture design decisions, 
their strengths, and weakness, and missing artifacts and post the individ-
ual summaries on the assigned Moodle forum that was viewable by all 
the participants. Each of them was expected to actively discuss and re-
flect upon the evaluation summaries submitted by other students and 
provide solid reasons and justification for the strengthens and weak-
nesses of different design choices and appropriateness of the architectur-
al concepts and methods used. The participants were encouraged to iden-
tify and use the ideas from the design of their peers (i.e., the crowd) for 
revising their group designs for the second phase of the architecture de-
sign task. It should be noted that the participants were not given any 
clues by research team to learn which architecture designs were good 
candidates for recombination.    

b. Each group was required to improve their design by taking into consid-
eration their own assessment of their architecture or the architecture that 
they would have found more suitable, and the feedbacks provided to 
them by other students through Moodle discussion forum and teaching 
assistant. 

4. Like step 3, the TA and the authors again evaluated the quality of architecture 
designs and documented decisions submitted in the second phase. 

5. The authors analyzed the quantitatively data based on all the evaluations of the 
architectures submitted in two phases for answering the RQ1 and qualitatively 
analyzed the students’ discussions and reflections and feedback by the TA to 
answer the RQ2. 

4 Results 

Following sections report the results from the analysis of different types of data ga-
thered for answering the two research questions that motivated this study.  

4.1 Findings from Analyzing Quantitative Data 

4.1.1   The Quality of Architecture Design 
We quantitatively evaluated the quality of architecture design submitted by each 
group. We asked all the groups to submit two versions of their architecture designs. 
We expected that the second version submitted in second phase has been influenced 
by (i) the groups’ assessment on their architecture; (ii) the architecture that they 
would have reviewed and (iii) the feedback and critiques provided to them by their 
peers through Moodle discussion forum and teaching assistant. For commenting and 
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critiquing other’s designs, we encouraged the participants to follow the sequential 
critiquing framework [4] that is expected to help improve the quality of the critique. 
We had an independent evaluator (i.e., TA) to score the quality of architecture designs 
submitted in phase 1 and 2 separately. It is worth nothing that the evaluator did not 
know about this study. The submitted architectures were evaluated based on the fol-
lowing criteria; any group could have received 10 points if they satisfied each crite-
rion (i.e., the maximal score can be 60 points) 

1. Description of the Personas of doctors, paramedics, and other members of an 
emergency response team located at a hospital. 

2. Three concrete scenarios and associated rationale for 2 quality attributes. 
3. Five design decisions and rationale for achieving the identified quality attributes by 

applying suitable architecture and/or design patterns. 
4. SOA models using SoaML to show different services, their interactions.  
5. Provide components/service diagrams using any 3 views of the 4+1 views. 
6. Provide the details of some services by showing the class diagrams (application of 

design patterns) and the sequence diagrams. 

Table 2. The summary of architecture design scores 

Groups Score of Phase 1 Score of Phase 2 Changes in scores 

Group A 47 50 3 
Group B 60 62 2 
Group C 47 48 1 
Group D 49 51 2 
Group E 38 41 3 
Group F 48 50 2 
Group G 58 60 2 
Group H 47 49 2 
Mean 49.25 51.38 2.13 

 
A comparison of the two architecture designs provided by each group is shown in 

Table 2 that clearly shows that all of the groups got better score in the second phase. 
It is interesting to note that the increment obtained after peer review and recombina-
tion could be between 0 and 3 points (i.e., 3 as the largest improvement). Each 
group’s score on architecture design improved by approximately 2.2 points on aver-
age. We applied Wilcoxon signed-rank test as a nonparametric statistical method to 
assesses whether or not the improvement was statistically significant [5]. We chose 
this type of statistical method as the outputs of those participants had to be evaluated 
twice [10]. The dependable variable is the quality of architecture designs before and 
after peer-review and recombination process. The application of the Wilcoxon signed-
rank test revealed that the quality of the architecture designs submitted in phase 2 was 
significantly better than the quality of the architecture designs submitted in the first 
phase at the level of confidence of 95% (see Table 3). These findings provide the 
evidence that the peer-review and recombination help improve the quality of architec-
ture design. The feedback and critique provided by the participants to each other 
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helped the participants to fix their decisions, reasoning and design flaws, but also it 
encouraged them to explore broadly design space and think more critically [1, 2].   

Table 3. Descriptive statistics of the results on quality of architecture design   

 Phase 1 Phase 2 p-value 

Mean SD Mean SD  

 49.25 6.92 51.38 6.72 p=0.011 

 
4.1.2   The Quality of Design Decisions  
Previous section reports the findings from our investigation of the impact of peer 
review and recombination activities on the quality of all the artefacts submitted as part 
of architecture design, i.e., all sorts of decisions and documentation. This section re-
ports the findings from particularly investigating whether or not the peer review 
process has an impact on the quality of design decisions. The participants had been 
asked to document each of the key design decisions using a given template along with 
the rationale for that design decision. We noticed that the participants documented the 
design decisions using the template (i.e., see Table 1, we name them as template-
based decision) as well as without using the template (i.e., unstructured decision). In 
order to evaluate the quality of both types of design decisions, we extended the crite-
ria proposed in [11] by adding three elements, which are expected to reflect architec-
tural decision’s quality. The quality of each decision was evaluated by the first author 
and the doubtful situations were discussed and agreed upon with the second author. 
Each criterion used a three points Likert scale: “Yes”=1, “No”=0 and “Partially”=0.5. 
The accumulated quality score for each decision was expected to range from 0 and 7. 
The following criteria have been employed: 

 C1: Is the decision stated clearly? 
 C2: Is the rationale of the decision stated clearly? 
 C3: Is the documented decision is a viable solution with regard to the de-

scribed? 
 C4: Are multiple design options considered? 
 C5: Are the pros and cons of decision compared? 
 C6: Does the documented decision reuse any patterns/tactics /reference archi-

tectures? 
 C7: Are quality attribute, constraints and business goal considered during de-

cision making process? 

We found that the number of template-based design decisions increased from 31 to 
42 decisions from first phase to second phase and an average quality score per deci-
sion improved by 0.5 point. A comparison of the number of documented decisions 
along with the average quality score in phase 1 and phase 2 is shown in Table 4. It is 
clear from Table 4 that the average quality score for unstructured decisions increased 
by 0.3 point. Since we wanted to find out if the improvement in the quality of design 
decisions before and after the peer-reviewing process was statistically significant, we 
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used the Wilcoxon signed-rank test. Two paired tests (e.g., Wilcoxon signed-rank 
test) need the same number of samples in each condition. That was why we randomly 
selected 31 template-based decisions from phase 2 in order to make the samples equal 
(i.e., the number of decisions) with phase 1. Tables 5 and 6 contain the p-values for 
the template-based and unstructured decisions respectively. With a p-value of 0.003, 
we conclude that applying the peer-review process led to statistically significant im-
provement in the quality of template-based decisions. The investigation of the used 
criteria revealed that the design decisions documented by the participants in both 
phases 1 and 2 satisfied the criteria C1, C3 and C7 to a very large extent. The im-
proved quality of the design decisions in phase 2 compared to phase 1 was mainly due 
to the increased scores in C2, C5 and C6. It appears that the peer review forced the 
novice architects (i.e., study’s participants) to better justify their decisions in the 
second step. During the peer review phase, most of the participants were challenged 
by their peers with such kinds of questions: “what was your rationale for this given 
decision”. These questions encouraged the participants to document the positive 
points of their decisions in the revised version of architecture documents (i.e., C5). 
However, the novice architects rarely talked about the drawbacks of the choices they 
made. In phase 2, the students applied more architectural patterns and tactics for satis-
fying the architectural issues. One possible reason for this trend could be that the par-
ticipants learnt how to employ architectural patterns for architectural problems and 
understood that justifying the design decision with architectural patterns is easier. 
There was no statistical significance in the improvement over criterion C4 between 
phases 1 and 2. 

Table 4. The summary of the number of and quality scores of template-based and unstructured 
decisions 

 Phase 1 Phase 2 
Number of template-based decisions 31 42 
Number of unstructured decisions 11 18 
Average quality per template-based decision 4.64 5.19 
Average quality per unstructured decision 3.50 3.83 

Table 5. Descriptive statistics of the results on quality of template-based decisions 

 Phase 1 Phase 2 p-value 
Mean SD Mean SD  

 4.64 1.03 5.19 0.88 p=0.003 

 
Having done the same analysis for the unstructured decision, we could not find a 

significant deference between the quality of the unstructured decisions before and 
after the peer reviewing process (i.e., p-value>0.05). Similar to the template-based 
decisions, the unstructured decisions positively fulfilled the criteria C1 and C3 in both 
phases 1 and 2. The scores of other criteria except C4 improved from first phase to the 
second one, however, it was not sufficient to have a statistical significance. 
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Table 6. Descriptive statistics of the results on quality of unstructured decisions 

 Phase 1 Phase 2 p-value 

Mean SD Mean SD  

 3.50 1.09 3.86 0.83 p=0.29 

4.2 Findings from Analyzing Qualitative Data 

Our study design and execution also included several means of collecting qualitative 
data, which is considered an important source of evidence and can supplement the 
findings from analyzing quantitative data. We gathered qualitative data from dozens 
of pages of design decisions discussions by students on Moodle forum, students’ ref-
lections notes in the submitted design reports, and teaching assistant’s feedback. For 
analyzing the qualitative data, we employed thematic analysis [6], a qualitative data 
analysis method for identifying, analyzing, and reporting patterns (themes) from the 
collected data. We decided to analyze the data to identify the challenges that the par-
ticipants faced and shared with their peers. Following are the main categories of chal-
lenges that were reported through discussions. 

Service Decisions: One of the key tasks was to decide and reason about the types of 
services required of the system to be designed. Our analysis revealed that the partici-
pants found it quite challenging to determine what services and sub-services were 
required. It was also difficult for the participants to decide about the levels of abstrac-
tions to be used for describing the identified services and justifications for them. This 
situation made it difficult for others to easily understand the reported service. One of 
the participants described this challenges: “This report should give more detail of the 
connections of each service. One of the important thing is they should give the details 
of the task manager service. How can this service integrated with other service, and 
how the services communicate in the system?” 

Design Decisions: Our analysis revealed that the participants faced many problems in 
making and documenting design decisions as well as in understanding the decisions 
made by other groups. It was also revealed that the participants did not consider and 
reasoned about more than one design option when making the design decisions; nor 
did they document all the decisions made. There was a significant difference between 
the number of documented decisions in architecture document (AD) and that of we 
derived from the discussion forum. This situation changed during the peer review 
process as the participants frequently asked questions like “what your rationale is for 
decision X or pattern Y”. This types of questions and peer critiques of the reported 
design decisions and the rationale provided resulted in detailed and intense discus-
sions about design decisions, rationale and the design options that could have been 
considered. The simulants for such discussions were questions like “what is your 
rationale for this decision?” and “how can you ensure that your decision reaches 
quality X?” “how the system can avoid attacks such DDoS attacks?” 
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These types of questions made the participants talked about the design options that 
they thought about, their pros and cons, and why those design options had been re-
jected. One participant shared that “We can also add some measures which can help 
reduce the impact of DoS attacks, such as using 2-factor authentication and rejection 
of any further requests from a device until it has been confirmed. With the rejection 
being done on a separate cluster with redundancy to reduce the chance that this ser-
vice will be taken down from such an attack.” Another participant replied, “The main 
concern that I see with using 2-factor authentication is that in the high-pressure envi-
ronment of an emergency accident scene or in a hospital emergency room, authenti-
cation can be time consuming and stressful for emergency staff. As such, it is very 
important to ensure that the authentication methods chosen are as simple to use as 
possible. One idea would be to use a staff member's NFC access card….our group is 
considering the option of having the device itself as a possible token, where that de-
vice is registered to the system for approved access by a specific user” 

Despite the participants complaining about not having sufficient documented in-
formation about design decisions shared for peer review, the situation did not improve 
in the second phase either. Albeit the quality of the overall design and design deci-
sions improved, but most of the documented design decisions lacked sufficient ratio-
nale. Compared with the phase 1, some students did mention about the difficulty in  
ranking different design options and selecting the best solution based on the required 
quality attributes, constraints, and patterns’ forces. We found that participants had 
more difficulty to justify the decisions related to the whole structure of the system 
(i.e., architectural decision [20]) than those used to meet component-level design 
issue (i.e., low-level decision [20]). Our analysis also revealed that the participants 
found it hard to maps the individually reported design decisions onto overall architec-
tural views. For example, they frequently asked “where we can find the impact of this 
decision on architecture design”. It became clear that a general lack of established 
traceability between the architectural decisions and the overall architecture designs 
submitted by different groups made it difficult to gain a good understanding of the 
designed architectures. Moreover, a large majority of the groups did not document 
execution decisions (i.e., tool, technology, process, organization as per Kruchten’s 
classification of decisions [7]) using decision template. However, some of the partici-
pants did mention such decisions in their comments. For example, one participant 
commented, “It is sure that we need more work on the multi-platform. As we use 
MVC design pattern and SOA software architecture, it is just an easy work move to 
other platform, we will use HTML 5 to design the GUI, So that all the devices can 
access to the system. We will make the description more clear and specific.”  

Quality Attributes Decisions: Our analysis revealed that most of the groups did not 
provide any details about the trade-offs among quality attributes in the documented 
design decisions in the phase 1, however, they demonstrated a reasonable understand-
ing of considering tradeoff decisions among quality attributes when prompted. For 
example, one participant remarked, “… the design decision of data encryption is sig-
nificantly correct and necessary here. However, the performance issue that may be 
caused by encryption is not taken into consideration in this decision”. The response to 
this comment was: “You're right that we didn't mention anything about performance 
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here. We were aware of the issue, but we'll make sure to put it in writing for phase 2”. 
On another group’s submission, a participant commented, “… you put a central serv-
er, which is the cloud in one location, and it only handles the logic process. It needs 
to retrieve data from data servers distributed in different locations. If this is the case, 
… it increases the data communication between central server and data servers a lot. 
Latency may increase here”. The response was, “As you can see, we did not mention 
this decision in the design decision section which we definitely should. The problem 
you raised, the latency, is a problem indeed… we pay more attention to the security 
part than the latency… we shall document this design decision in the next phase… we 
will regard it as a trade-off point and further discuss it in detail”.   

Pattern Challenges: the analysis of the qualitative data also indicated that the partic-
ipants were having challenges in understanding the goals and suitability of patterns 
reported to be used in software architecture design diagrams. One reason for that situ-
ation appeared to be missing information about the names of the patterns used. For 
example, one participant commented, “…What is the name of the design pattern or 
patterns being employed in this design?..strictly the Model-View-Controller (MVC) 
pattern or is it a hybrid of MVC and the repository pattern. This was not clearly 
stated and looking at their diagrams and architectural design I would make the as-
sumption of the Model-View-Controller pattern but it is not always easy to tell.” 

5 Discussion and Limitations 

Peer Review and Crowdsourcing in Architecture Design and Review: The find-
ings from our exploratory case study provide preliminary evidence to support the 
assertion that peer-review and recombination approaches can improve architecture 
design and decisions quality. Such an improvement can possibly be examined as fol-
lows: (i) Once the novice architects participated in the peer review process, they were 
motivated to justify the rationale of their architecture design and the decisions made; 
(ii) most of the feedback and critique provided by the participants to each others were 
constructive; (iii) reviewing and looking at the architecture designs of peers enabled 
the participants to explore broadly the design space and consider the possible design 
alternatives. Since designing and reviewing an architecture of a complex software 
systems heavily rely on knowledge and expertise from different fields as well as expe-
rience and intuitions, which is usually beyond the possession of a given organization, 
we believe that organizations can employ the peer-review and recombination through 
crowdsourcing for improving the quality of final architecture design. Linus’s law (i.e., 
“given enough eye balls, all bugs are shallow” [18]) has shown the effectiveness of a 
peer-review process and it has been adopted as an effective practice for quality im-
provement by Open Source Software communities [19]. Since a peer-review through 
crowdsourcing can leverage the experiences and expertise of a large number of indi-
viduals, we assert that it can result in better architecture design quality. An organiza-
tion can use the method as an effective approach to reviewing software designs. It is 
different to traditional architecture review, which involves formal, time-consuming 
and expensive meetings. It can also reduce the tension raised during the face-to-face 
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meetings. There needs to be more research to examine the opportunities and perils of 
a design peer-review process by crowdsourcing.  

More Training and (Semi) Automated Decision Making Support: The results 
have revealed that novice architects, who are supposed to be the next generation of 
architects, had many problems during decision-making process. Although they were 
successful in capturing and documenting the design decisions and their rationale to a 
satisfactory extent, but they experienced many challenges in other steps of the deci-
sion making process such as proposing design alternative, evaluating the alternatives, 
tradeoff analysis between conflicting quality attributes and selecting the best solution. 
We can assert these challenges may partially stem from lack of enough expertise and 
experience. These findings are similar to the results reported in [20], which revealed 
that the personal experience is a major influencing factor in making and documenting 
architectural decisions. It can be said that there needs to be more focus on providing 
the future architects with sufficient training and experience in different aspects of 
designing and evaluating design decisions and providing appropriate support for 
(semi) automate decision-making to improve the efficiency and effectiveness of the 
architecture design and evaluation activities. In a recent study, it was found that most 
of the existing design decision tools just focus on modeling, capturing and document-
ing decisions without providing sufficient automation support for decision-making 
[11]. We assert that the areas for automation support can be ranking design options, 
generating design alternatives, and supporting quality attributes trade-off analysis.  

Limitations: One of the key limitations of this study can be the process and evalua-
tors of the architecture design and decisions. Albeit the external evaluator was not 
aware of the study when evaluating the submitted artifacts, it would be better to apply 
double-blinded evaluation process to reduce the impact of potential bias in the evalua-
tion of architecture design and decisions. We tried to alleviate this threat by intensive 
discussions between the two authors to reach a consensus on different evaluations 
performed on the artifacts used in this study. The other validity threat could be the 
participants of this study and system (i.e., healthcare emergency support system) be-
ing studied. Since there has been a little research on the impact of peer-review and 
recombination on the quality of software design and decisions, we decided to start this 
exploratory research by studying students’ design and evaluation activities in an aca-
demic context as those students can be considered the future generation of software 
architecture professionals [21]. Researchers have found that students are suitable re-
placements for industry professionals if performing small tasks of judgment [22]. We 
plan to extend this research in a number of ways including the possibility of conduct-
ing a study with software architects from industry.  

The third validity treat is how to ensure the improved quality of architecture de-
signs and decisions in phase 2 was indeed due to peer review and recombination, not 
simply because of knowledge acquired by the participants (i.e., learning factor) 
through the study. We agree that the learning factor has the potential to be a con-
founding factor in our study as well as it is closely intertwined to peer-review and 
recombination techniques, but we argue that the participants as novice architects did 
not have the tendency to self-question and self-critique on their own designs and they 
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preferred to start self-question and self-critique after getting external feedbacks and 
comments from the teaching assistant and peers (i.e., crowd). We assert that our sug-
gested techniques and particularly peer-review process can challenge “Law of Least 
Effort” [26]. 

6 Conclusion and Future Work 

We have carried out an exploratory case study to investigate how peer-review and 
recombination affect the quality of architecture design. The quality of designed archi-
tectures and documented decisions by software architecture students, as novice archi-
tects, before (as a first version) and after the peer-reviews and recombination (as 
second version) were examined and the results have enabled us to conclude that: (1) 
the peer-review and recombination activities can potentially improve quality of soft-
ware architecture design and decisions (i.e., particularly decisions documented by 
template). (2) The novice architects can face specific types of challenges in design 
decision making process: (i) determining the required levels of abstractions to be used 
for describing the identified services and justifying them. (ii) Reporting the rationale 
for decisions made and proposing and ranking design options. (iii) Performing tra-
deoff decisions among conflicting quality attributes. (iv) Understanding the goals and 
suitability of patterns reported to be used software architecture design diagrams. We 
conclude that these findings can lead to design and execution of better training pro-
grams for novice architects to help them to gain the required knowledge and expe-
rience in relatively short amount of time as the technological advancement and in-
creasing complexity require software development organization to have highly skilled 
and experienced architects. 

Our ongoing future work can be outlined as follows: (1) we plan to replicate our 
case study in different settings and different sizes of population and with practitioners 
to explore if similar findings can be achieved with different contexts attributes. (2) 
We plan to further investigate the qualitative data from the Moodle forum to find out 
the types of design decision that were mentioned and discussed in the forum. 
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