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SUMMARY velopment domains such as the military training domain [9])
To achieve overall business goals, G@8trategies is one approach  have applied GQMStrategies for measurement-based IT-
that aligns business goals at each level of an organization to strategiesbusiness alignment

and assesses the achievement of goals. Strategies are based on rationales . .

(contexts and assumptions). Because extracting all rationales is an impor- GQM+S_trateg|es has been u_sed to establish manqge-
tant process in the GQMBtrategies approach, we propose the Context- Ment strategies and plans, determine the value of a contribu-
Assumption-Matrix (CAM), which refines the GQMABtrategies model by tion, ensure the integrity of a goal between a purchaser and a
extracting rationales based on analyzing the relationships between stakecontractor, and evaluate management based on quantitative
holders, and the process of using G@8$trategies with CAM fectively. . .

To demonstrate theflectiveness of the CAM and the defined pro- data. It extracts stratggles from goals based on ra'qonales
cess, we conducted three experiments involving students majoring in in- (CONtexts and assumptions). However, the lack of rationales
formation sciences at two fiierent Japanese universities. Moreover, we tends to be misleading and may result in deriving incorrect
applied the GQM Strategies approach with CAM to the Recruit Sumai  strategies. Although rationales must be identified exhaus-
Company in Japan. The results reveal that compared to 8&IMtegies iy aly to extract valid strategies, it is often unclear whether

alone, GQM-Strategies with CAM can extract rationales of the same qual- he id ified . | Il existi M
ity more eficiently and exhaustively. the identified rationales cover all existing ones. Moreover,

key words: stakeholder, actor, GQMStrategies, context, assumption rationales tend to be extracted from the analyst’s viewpoint,
although the viewpoints of all stakeholders are also impor-
1. Introduction tant to consider. Many rationales should be extracted to en-

sure all elements are used to define goals and strategies. If
Because software is responsible for a lot business in cor-there are only a few rationales, strategies must be extracted
porate activities [3] and the complexity of software and IT from limited number of rationales. Similarly, strategies must
systems has been increasing, linking business and systerﬁe extracted from a few rationales if the rationales are nu-
requirements is becoming morefitiult. Often it is unclear ~ Merous but low quality. These situations may lead to a mis-
if IT /software related strategies and organizational businesg¢!nderstanding in the meaning of the rationale, which may
goals are aligned. According to V. Maidét al. [4], the result in extracting the wrong strategy. Therefore, all the
success of measurement initiatives in software companiegationales should be high quality to maintain consistency.
depends on the quality of the links between the metrics pro- Herein the quality of rationales means that a clear and de-
grams and organizational business goals. One approach téfiled description helps derive the goals and strategies.
resolve this issue is GQMstrategie®([5], [6], which aligns This paper proposes the Context-Assumption-Matrix
and assesses the business goals at each level to the overdffAM) to refine business goals and strategies iteratively[1],
strategies and goals of the organizatioMany companies ~ [2]- Moreover, we define the process to apply CAM to
worldwide (e.g., the Japan Aerospace Exploration Agency GQM+Strategies.  CAM should extract many rationales
[7], the global oil and gas industry[8], and non-software de- from multiple viewpoints. For example, the balance score-
_ _ card[10] addresses the importance of considering the orga-
Manuscript received January 1, 2011. nizational business goals from four perspectives multilater-
Manuscript revised January 1, 2011, ally. In this paper to answer RQ1 and RQ2, we confirm this
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" The author is with the T&D INFORMATION SYSTEM Ltd. assertion In three experiments. considering rationales mul-

The author is with the Software Engineering Center Information- tilaterally using CAM_might dect the quality _Of rationales
technology Promotion Agency. on the whole. There is concern that CAM might reduce the

""" The author is with the IBM. quality of rationales when applied in a limited time. In this

*This paper is an extended version of a paper presented at the 1st Asiapaper we address this issue in RQ3 using three experiments.
Pacific Requirements Engineering Symposium [1] and the 15th Inter- H, in f h fi ined
national Conference of Product Focused Software Development and erein four research questions are examined.

Process Improvement[2]. We have added some descriptions that pro-

pose the process of using GQitrategies with CAM. Moreover, we e RQ1: Can using GQM Strategies with CAM extract
have added some discussions to the section of evaluation. more rationales fciently than using only GQMSt-
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e RQ3: Does using GQM Strategies with CAM extract
higher quality rationales than using only GQtrat-
egies?

e RQ4: Can using GQM Strategies with CAM support
to plan the actual goals and strategies of an organiza-
tion?

Lack of context!'| The employee’s IT skills are low.

Fig.2 Goal, strategy, and rationales (excerpt)

tionales as “contexts” and “assumptions”. Contexts are en-
The contributions of this paper are two-fold. First, the vironmental characteristics, while assumptions are aspects
proposed method may provide affigient and exhaustive  Of uncertain environments, including estimated ones. After
method to extract contexts and assumptions of the sameconsidering many strategies for a goal, the best one is then
quality as GQM- Strategies alone. Second, in three exper- selected based on the rationales. Because all of the selected
iments and an application to the actual company, we con-strategies are detailed into lower level goals, it is possible
firm the defined process of applying CAM to GQ@trate- to determine strategies that reflect the actual business envi-
gies is useful. The rest of the paper is structured as follows.ronment. Figure 1 overviews the concept of G@trate-
Section 2 overviews the GQMstrategies approach and pro- gies. The GQM Strategies Grid visually confirms the link
vides a motivating example of our approach. Section 3 ex- between a goal and a strategy, allowing the entire organi-
plains our approach. Section 4 and 5 introduce case studieszation to communicate easily and work toward a common
Section 6 explains the limitation of our experiments. Sec- goal. Furthermore, through the GQM paradigm, whether
tion 7 discusses related works. Finally, section 8 concludesgoals at each level are achieved can be evaluated. Our ap-
the paper and suggests future work. proach uses the following terminology (based on Basili et
al. [8],[16] ):

2. Background e Organizational goal Objective to accomplish in a

given time frame that encompasses part or all of the
organization.

, L e Strategy. Possible approach to achieve a goal within
GQM+Strategies was initially developed by the Fraunhofer the organization’s environment. The number of strate-
Center for Empirical Software Engineering (CESE) [11] and gies depends on the internal structure of an organiza-
Fraunhofer Institute for Experimental Software Engineer- tion.

ing (IESE) [12]. This approach extends the gaplestior « Rationale: Relevant context or assumption used to se-
metric paradigm to measure the success or failure of goals ¢t goals and strategies.

and _s;trateg_ies, while adding enterprise-wide support to de- , context: External or internal organizational environ-
termine actions on the basis of the measurement results [6], ment.

[13]. Collecting d.ata.to measure th_e success or failure of Assumption: Estimated unknown.

goals and strategies is especiallyfidult when developers

do not know which data are necessary [14]. GQM assists

developers by creating software-related goals, generating2.2 Motivating Examples

questions to refine goals, and specifying measures that must

be considered to answer the generated questions [8]. Al-To successfully adapt GQMbtrategies, it is important to
though the GQM approach can measure whether a businessapture rationales. High-quality GQMbtrategies Grids can
goal is achieved in an organization, it lacks a mechanism toguide an organization and help achieve business goals and
link higher- and lower-level business goals. Consequently, strategies. However, this ability depends on the methods to
it cannot support and integrate goals dfefient levels of an ~ “capture” the relevant context (internal and external envi-
organization. ronments)[17].

On the other hand, GQMStrategies creates maps be- As an example, we applied GQM\btrategies to the
tween goal-related data atfidirent levels, allowing insights  sales department of a stationary company, which sells sta-
gained relative to a goal at a lower level to satisfy goals at tionary to corporations. The company receives orders from
higher levels [15]. The major feature of GQM8trategies  corporate customers and then ships based on the order form.
is that business goal strategies are determined based on raFhe corporate structure of the stationary company has three

2.1 GQM+Strategies
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o] Ordergeception | Shipment | Inventery Gontrol | .. TBD the CAM is applied to the GQMStrategies Grid of the sta-

Order Gl C3lnventory controlgroup | | %Mo one integrates tionary company in the motivating example. Each row el-
i c2: e T customers n ement denotes a stakeholder who views the context or as-
Shipmert 5 o SIS sumption. Each column element represents a stakeholder
. L who is the subject of the context or assumption. For exam-
Control Grp. ple, C3 (Context 3) in Fig. 3 is the “inventory control group

TBD sometimes mistakes the number of the stock”. This means

that the “order reception group” (row) views that the “inven-

Fig.3 Example of applying the CAM to a stationary company N .
tory control group” (column) takes an order. The inventory

CAM GQM+Strategies Grid

7% anagoment Dyt [Customer] -+ anagement control group’s row in Fig. 3 shows that this row lacks con-
lewpolin . . .
Management Dpt|C1, - Al ®E® texts or assumptions related to the inventory control group.
Customer |2, - rs] s Thus, the contexts and assumptions from the viewpoint of
=== === T the inventory control group may be omitted. In fact, there
Vienpoint Sales Dpt. |Customer| -~ Sales e is a context, “the employee’s IT skills are low”. Thus, the
Sales Dpt. |03, -+ A2, - Dpt. ® .
Now Gustomar CAM can extract contexts and assumptions.
B Moreover, the CAM has a column labeled TBD, which
— = :
A% | rder reception | Shipment | -+ | [OFder i | [Shipment % stands for To Be Dgtermlneq. In the CAM, TBD represen'ts
Order reception |C4, ++ A3 - ::;eupg'm G o a stakeholder who is undecided or does not currently exist.
Shipment  |C5, ++ ] & For example, C4 (Context 4) in Fig.3 is “no one integrates
complaints from customers in customer service”, which in-

Fig.4 Structure of the CAM and the GQMstrategies Grid for the sta- dicates that this role is not currently assigned. The rationales
tionary company in TBD may create new strategies. For example, they intro-
duce Customer Relationship Management.

Figure 4 shows the structure of the CAM and the
level (top management level, department level, and groupGQM-+Strategies Grid for the aforementioned stationary
level). The purpose of using GQMStrategies is to improve  company. Similar to the GQMStrategies Grid, the CAM
the order acceptance process of the sales department and theas a hierarchy corresponding to the corporate structure. In
shipping business. this case, the CAM has three levels because the example sta-

Figure 2 shows the group level business goal, strategy,tionary company has three levels. The stakeholders of the
and rationales. The strategy, which constructs an inven-CAM have the same levels as the corporate structure. Ini-
tory control system, is extracted from the goal to increase tially, the stakeholders of the CAM are determined based on
the dficiency of the order reception business. Although the the corporate structure (i.e., the Management Department
GQM+Strategies process derives business goals, strategiess level 1, the Sales Department is level 2, and the Order
and rationales, it is unclear whether the contexts and as-Reception Group and the Shipment Group are level 3), but
sumptions cover all existing goals and strategies. For ex-new stakeholders (e.g., for operations and maintenance) can
ample, there may be a context that limits the budget, mak-be added as necessary. The lower and upper levels are as-
ing the strategy determined in Fig. 2 impossible to execute.sumed to have the same rationales. In this case, rationales
The lack of contexts and assumptions tends to be misleadingat a higher level are defined abstractly for the management
and may result in deriving incorrect strategies. Therefore, adepartment, while the ones at the lower level are defined
mechanism to extract contexts and assumptidfisiently concretely for the level groups. Hence, the CAM allows the
and exhaustively is necessary. contexts and assumptions to be visually reviewed.

3. Our Approach 3.2 Process of using GQMbtrategies with CAM

In section 3.1, we propose the CAM, which is a method The CAM has dificulty extracting rationales from the view-

to extract contexts and assumptio§agently and exhaus-  points of undefined stakeholders. Our preliminary experi-
tively by analyzing the relationships between stakeholders.ments revealed that if a CAM cell contains a rationale, it
In section 3.2, we describe how to use G@S8frategies  assumes that all rationales have been completely extracted.

with CAM. However, this deficiency can be resolved by reapplying the
CAM after considering the viewpoints of undefined stake-
3.1 Context-Assumption-Matrix holders freely in a brainstorming meeting. Therefore, we

define the process of using G@8trategies with CAM
The CAM organizes common contexts and assumptions be{Fig 5). GQMkStrategies is based on Basili et al.[8], [16].
tween stakeholders into a two-dimensional table. Our ap-The CAM has two uses; one is to extract missing rationales
proach defines stakeholders as people, systems, or proin the definition process (Step 2, 3, 4), and the other is to
cesses, which enables the CAM to respond to the actualcheck rationales in the revision process (Step 9).
shape of a corporation. Figure 3 provides an example when Our approach uses the following steps:
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Table 1 Experimental settings
Shimane Waseda 2014 Waseda 2015
People (number) 43 28 32
Time (hours) 3 1 15
Group A (teams) 3 3 3
Group B (teams) 3 2 3

4. Case Study 1: Application of the CAM in University
Courses

4.1 Evaluation Design

To answer RQ1, RQ2 and RQ3, we conducted three con-
trol experiments involving students majoring in information
sciences at Shimane University and Waseda University (Ta-
ble 1). In each experiment, the participants were divided
into two groups. Both groups listened to a lecture about
GQM+Strategies and the CAM. A cosmetic company pro-
file was used to set business goals in a G&Bttategies
Grid. Students were instructed to derive contexts, assump-
tions, and strategies for the goals. Group A experimented
with GQM+Strategies only, but Group B experimented with
GQM+Strategies and CAM.

At Shimane University, we conducted an experiment

ings. Derive as many rationales as possible, welcomingjnyolving 43 students majoring in information sciences on

unique and innovative ones.

the last day of a four-day software engineering class. We

2. Extract the initial stakeholders of the CAM from the gjyided students into seven teams of five or six people. (In
departments and groups based on the organizational,e eyaluation, one team was excluded because they were
structure. For example, we extracted the managementie for the lecture.) Three teams were in Group A and three
department, sales department, order reception groupyyere in Group B. The experiment took three hours.
shipment group, and customer in Fig. 4.

3. Apply the collected rationales to the CAM by empha- eriment involving 28 students majoring in information sci-
sizing who views the rationale and who is subject 0f gnces. The experiment was conducted during a software en-

the rationale. According to these stakeholders, map thegineering class. We divided students into five teams of five
rationales in the CAM.

4. Use the CAM to extract missing rationales. Ifthe CAM  yyo The experiment took one hour.

is a sparse matrix, it is possible rationales are omitted.

At Waseda University in 2014, we conducted an ex-

or six people. Group A had three teams and Group B had

At Waseda University in 2015, we conducted an ex-

5. Define the organizational goals and execute stratégyperiment involving 32 students majoring in information sci-
decisions based on the collected rationales.

6. Specify plans to implement the GQMtrategies in the

ences. The experiment was conducted during a software en-
gineering class. We divided students into six teams of five

organization. Develop strategy plans and measurementy, six people. Three teams were in Group A and three teams

plans. o were in Group B. The experiment took one and a half hours.
7. Execute strategies in step 7, and collect measurement
data.

8. Analyze the measurement data to determine the suc4 2 Experimental Results

cess of the goals and strategies defined the grid.

9. Review the rationales from the viewpoint of all stake- To compare the case using only G@Btrategies to that us-

holders in the CAM. In particular, verify that the ratio-

ing GQM+Strategies with CAM, we mapped the rationales,

nales in the row of stakeholder related to the goals are\which Group A extracted using only GQAGtrategies, to

achieved in the CAM.
10. Identify potential improvements with respect to the s the sum of the number of context and assumptions ex-

grid and the GQM Strategies implementation process. tracted by the students, while the number of views is the
11. Evaluate the results of the above steps. MOdlfy the sum of the number of “Viewpoints” and “who” in the CAM.

GQM+Strategies grid in order to close the gaps identi- Figure 6 plots the results of each experiment. The X-axis
fied in previous steps.

12. If necessary, initiate a new cycle.

the CAM after the experiments. The number of rationales

represents the number of rationales, while the Y-axis rep-
resents the number of views. The team on the top right of
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the figure is able to verify and extract rationales from many Table 2 The results of Mann-Whitney's U test

viewpoints. An “0” represents the teams using G@8drat- Number of rationales  Number of views

egies with CAM, while an “x” denotes the teams using only _ W p-value w p-value

GQM+Strategies_ Shimane 0 0.064 15 0.20
Waseda 2014 4.0 0.08 1.0 0.37

Table 3 evaluates the assumption’s quality (number of
good assumptionstotal number of assumptions). In these
experiments, students simply extracted the contexts from
the cosmetics company’s profile as they determined the as-
sumptions based on the cosmetics company’s profile. There-

fore, we evaluated only the assumptions that the studentd!@/€s at thﬁ 0.1 level in table 2‘d Moreover, regarding the
extracted. In order to evaluate the quality, we asked three@/€rage, the GQMStrategies and CAM teams (i.e. Group

GQM+Strategies experts to evaluate the students’ findingsS) have higher averages than the G@Sfrategies teams

based on two grades: good or bad. Grades depended 0I(ll.e. Group A) in figure 7. According to these results, it

whether the rationale is appropriate to the business goals ang®ems that GQMStrategies with CAM C.OUId extract rafio-
strategies. nales more giciently than GQM-Strategies alone.

This is because Group A extracted new rationales ad
hoc, while Group B extracted them based on “viewpoint”
and “actor” in the CAM. The results show that new ratio-

_ ) ) nales can befeectively extracted using the CAM when suf-
RQ1: Can using GQM+Strategies with CAM  ex- ficient time is allotted.

tract more rationales dficiently than using only

GQM +Strategies? RQ2: Can using GQM+Strategies with CAM extract
rationales from more viewpoints than using only
GQM +Strategies?

Waseda 2015 3.0 0.70 0.5 0.12

4.3 Discussion

At Waseda University in 2014, Group B, which used
both GQM+Strategies and CAM, extracted an average of

2.6 less rationales. This result more likely reflects the time Group B resulted in 1.6 more views at Shimane University,
constraint of the experiment, which prevented Group B from 1 4 more views at Waseda University in 2014, and 2.7 more
efficiently using both GQMsStrategies and CAM. Thus, 10 yjiews at Waseda University in 2015 than Group A (Fig. 6),
demonstrate theffectiveness of the CAM, Group B in the ipgicating that Group B can more exhaustively extract ra-
other two experiments used only the CAM. Compared 10 tjgnales because the CAM extracts rationales based on the
Group A, Group B at Shimane University (Waseda Univer- yg|ationships of stakeholders. In the same way as RQ1, we
sity in 2015) extracted an average of 2.0 (1.7) more ratio- herform Mann-Whitney's U test (Wilcoxon rank sum test).
nales (Fig. 6). The numbers (2.6, 2.0, and 1.7) mean theéTaple 2 shows the results of Mann-Whitney’s U test of the
difference between the average of teams in Group A andnymper of views.The dierences are not statistically signif-
the average of teams in Group B. The averages were calCuicant at the p0.05 level in table 2. However, regarding the
lated for each group. For example, at Shimane University in gyerage, the GQMStrategies and CAM teams (i.e. Group
Fig. 6, Group A found 10, 11, and 12 rationales. Thus, the g) have higher averages than the G@Strategies teams
average number of rationales for Group A was 11. On the (i.e. Group A) in figure 8. According to these results, it
other hand, Group B found 13 rationales in each experiment,seems that GQMStrategies with CAM could extract ratio-
giving an average of 13. Therefore, théféeience between  31es more exhaustively than GQi8trategies alone.
the two groups is 2.0(13 - 11). _ N Even though the experimental time at Waseda Univer-
_ Because each experiment hadtelient conditions (ex- sty in 2014 was very limited, Group B resulted in more
ercise time, proficiency level), we performed statistical anal- yjews than Group A. Therefore, new rationales can be ex-
ysis on each experiment separately. Due to the small amountracted exhaustively using the CAM regardless of time.
of data, whether the experimental results follow a normal
distribution cannot be confirmed. Hence, we performed RQ3: Does using GQMsStrategies with CAM ex-
Mann-Whitney’s U test (Wilcoxon rank sum test) since it tract higher quality rationales than using only
does not require the assumption of normal distributions. Ta- GQM +Strategies?
ble 2 shows the results of Mann-Whitney’s U test. This table
shows the probability of obtaining the observed or more ex- In addition to extracting fewer rationales than Group A, the
treme results when the null hypothesis is true (i.e. distribu- quality of the extracted rationales was 10% less for Group B
tions are equal) as p-value, and the value of the test statistiat Waseda University in 2014. However, Group B resulted in
as ‘W’. Figure 7 shows boxplots of the results on the num- a 4% higher quality at Shimane University and 31% higher
ber of rationales. This figure compare the results betweenquality at Waseda University in 2015 than Group A (Ta-
Group As data and Group B’s data. Although théfeki- ble 3). These results show that G@8trategies with CAM
ences are not statistically significant at the05 level in can extract rationales of the same quality as G3Bitate-
table 2, there is one case (i.e. Shimane University) show-gies alone, but the extraction can lifeated by time and the
ing statistically significant dierence in the number of ratio- team’s ability.
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Fig.8 Results of boxplot on the views of rationales

CAM to the Recruit Sumai Company Ltd. Our three mem-
5. Case Study 2: Application of GQM+Strategies and bers held three workshops in which four members of the

CAM in housing related company new business development department (Recruit members)
attended. During the first workshop, which lasted two hours,
5.1 Evaluation Design we taught the participants how to apply GQ@Bitrategies to

organizations. At the second two-hour workshop, the Re-
To answer RQ4, we introduced GQBtrategies as well as  Cruit members applied GQWM5trategies to their company
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Actol Q
ctor . JUdg? Adviser
ezl L e (New business develop Dpt.)
Viewpoint develop Dpt.) p Lpt
Al:Aoplicants have no time to apply their idea. A3:If same person provide feedback
Applicants | A2:Aoplicants have an idea, but it isn't to participant before and after the
considered to a level that can be submitted. contest, a proposal will be better.
Judge C1: 40 % of the applications can pass. A5:If rejected ideas are provided
(New business |A4:If frequency of collecting ideas are feedback and are refined, they can
develop Dpt.) |increased, number of applications will increase pass the context.
AdV|s.er A6: An adviser have no time to
(New business dvi licant
develop Dpt) advise applicants.

Fig.10 Part of the CAM of the Recruit Sumai Company (The numbers in the rationdtes filom
the actual ones.)

Table 3 Evaluation of the assumption’s quality (number of good as-
sumptiong total number of assumptions)

Shimane Waseda 2014 Waseda 2015

After the second workshop, we mapped their rationales
using the CAM to verify if rationales were omitted. Then
we extracted new ten rationales and new three strategies,

Group A 0.76 0.77 0.52 . . s
(Good/Total)  (34/45) C46/68) (11721 as weII.ats considered the rationales from the stakeholders
Group B 0.80 0.67 0.83 V|ewp9|n S- . .
(Good/Total) ~ (36/48) (18/27) (30/36) Figure 10 shows part of the CAM of the Recruit Sumai
Company where black denotes rationales that they extracted
(i.e., rationales considered from the business development
New Business Development Department department’s V|ewp_0|nt). iny_ Strategy 1 was extracteql
<Context> based on these rationales in Fig. 9. They believed that if
S *Business plans are collected once they “increase the frequency of th&er of the contest for
Start new 30 projects in this year ayear. busi " th Id hi he busi | of
————/| | “The pass rate of applicationsof a new business”, they would achieve the business goal o
CiD the business plan is 30%. “start 30 new projects this year”. However, italics in Fig. 10
Strategy 1 <Assumption> denotes new rationales due to the CAM, which were consid-
" If the frequency of collecting red from another viewpoint (i.e. licants’ point of view).
Increasethefrequencyofthgoffer plans are increased, the number of ered from anot e ewpo t( €., app cants p_o to ) e )
of the contest for anew business || | ;o lied plans will increase. In fact, the applicants do not have time to revise their ideas

if their idea was not considered to betient during a pre-
Fig.9 Part of the GQM Strategies Grid of the Recruit Sumai Company  vious contest. If the company implements Strategy 1, its
before using CAM (The numbers in the goals, strategies and rationalesfy siness goa| will not be achieved. Based on the new ra-
differ from the actual ones.) ; u ; :
tionales, we extracted new Strategy 2, “receive rough idea
about new projects”(Fig. 11). At the third workshop, we

in order to characterize their business environment, set busi-Shaer the new rationales and strategies with the Recruit

ness goals, and develop strategies. They created a8pM members. They che_cked and accepted the missin_g ratio-
rategies grid containing goals, strategies, and rationales.na.les'. Theycz;ls&r;otlced_that t.r:jere was a lack of rationales
They also considered the rationales from the stakeholderstSing Justa QM Strategies grid.

viewpoints. After the second workshop, we mapped their
rationales extracted into CAM. Then we extracted new ra-
tionales and new strategies, as well as considered the ratio-, _ . .

nales from the stakeholders’ viewpoints. At the third work- RQ4: tCanl using Ct;‘r?M"'tSttheg'(Ts W'Ejh CtZALVI §upport
shop, we shared the new rationales and strategies with the 0 planning the actual goals and strategies in an

Recruit members. They checked and accepted the missing organization?

5.3 Discussion

rationales. Rationales extracted ad hoc tend to come from limited view-
points, preventing all rationales from being determined,
5.2 Experimental Result which may result in deriving incorrect strategies. Thus, ra-

tionales must be considered from all the stakeholders’ view-
At the second workshop, the Recruit members applied points. The CAM can be used to consider mantjedent
GQM+Strategies to their company in order to characterize points of view.
their business environment, set business goals, and develop In the future, we plan to review the results of the im-
strategies. As a result, they extracted eight rationales, seveplementation in order to evaluate rationales and strategies.
goals, and sixteen strategies. They also considered the ratioMoreover, we plan to confirm that the CAM can respond to
nales from the four stakeholders’ viewpoints. changes in the management policy or business environment.
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helps ensure the completeness of the requirements in a re-
gew IBusines:D ey | ~BuSInESS plans are. _peatab_le and systematic manner that does not currently. exist
Sveopment DepArtment | . The pass rate of applications... in the i* framework [21]. In this study, we use the point
Start new 30 prorects | | <ASsumPtion> of analyzing requirements from the relationships between
in thie e"ar’ If the frequency... stakeholders as a reference for our approach.
Y %B%W%W Another approach that combines G@Btrategies and
*Applicants have an idea, but it isn . ape_ e . .
considered to a level that can be submitted. other method_s is Ut|I|2|_ng GQMSt_rategles for Business
R Value Analysis [15]. This method integrates G@Bitrat-
Strategy 1 Stmtgyz egies and Business Value Analysis by coupling cost-benefit
Increase the frequency of || peceive rouah idea and risk analysis (value goals) with operationally measur-
Receive rough idea ; A
the offer of the contest fora)| /) e projects. able business goals, helping to evaluate the success of the
new business business goal and théfectiveness of the chosen strategies.

Fig.11 Part of the GQM Strategies Grid of the Recruit Sumai Company However, V\{hether t.hIS methOdﬁEIently,and eXhaUStlvely_
after using CAM (The numbers in the goals, strategies and rationafes di ~ €Xtracts rationales is unclear. V. Basili et al. have applied
from the actual ones.) the GQM+Strategies approach to ECOPETROL, a global
player in the oil and gas industry, for measurement-based IT-
business alignment [9]. ECOPETROL has been extended to
collect and analyze data based upon questionnaires. More-
6. Limitations over, J. Minch et al. have applied the GQMNtrategies
method to examine and align the strategic, tactical, and op-
One threat to the internal validity is thefiéirence between erational goals in software-intensive integrated product de-
the students’ ability by team. To remove this, we conducted velopment [22].
three experiments where each experiment involvedtardi Our approach has been applied to an example company,
ent group of students at two universities. The same resultsbut we did not consider operation and maintenance. In the
were obtained when flicient experimental time was allot-  future, we intend to verify whether GQMstrategies models
ted. Another threat to the internal validity is theétdrence  using CAM can be used for refinement and maintenance.
between the subjects’ experiences. However, all students in
this study learned GQMStrategies and the CAM for the
first time, and had limited business knowledge. Therefore,
this bias was removed.
We conducted three experiments involving students en-

8. Conclusion and Future Work

Typically the biggest factor for a project’s failure is ifBu
rolled in a software engineering class with limited business cient requwements [23]. In our GQNSt'rategles with CAM
approach, rationales are extractaticgently and exhaus-

knowledge. Our approach may not have muéfea on ivelv b Nzina th lationshi ¢ stakeholders i
business professionals with experience. This is a threat to IVely Dy analyzing the relationships or stakenolders in an

the external validity. To confirm theffectiveness of CAM org_anizgtion. Experiments involving 43 students at Sh‘m‘?‘”e
on business, we introduced GQi8trategies with CAM to University and 28+ 32 studnts at .Was?da University in
an actual company related to housing. The CAM helped Japan d_emonstrate that_GQtrateg|es W't.h CAM can ex-
consider diferent points of view, but the experiment was tract rationales morefigciently and exhaustively than using

i . ; ly GQM+Strategies.
limited to one domain (a housing related company). Be- on
cause the CAM has a hierarchy corresponding to the corpo- In the future, we plan to apply the CAM to other exam-

rate structure, it is possible that the CAM also correspondsIOIes in order to validate its fexibility. We \.Ni" also CondUCt.
to other doma{ins In the future, we plan to verify théee- experiments to derive contexts, assumptions, and strategies
tiveness of the CAM for other o,rganizations for the goals at higher levels of the organizational struc-

ture or for multiple levels simultaneously. To verify that the
CAM, extracted rationales, and extracted strategies respond
to changes in the management policy and business environ-
ment, we intend to analyze the implementation results of the
Recruit Sumai Company.

7. Related Work

The GQM+Strategies approach extends the goalestion
/metric paradigm [6], [7], which is a goal oriented approach.
Previous research has proposed various approaches to exe-
cute a goal-oriented approach. 9. Acknowledgment
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describes the dependent relationships among various actordVe are grateful to members of the Goal-oriented Quanti-
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describe stakeholder interests and concerns, and how theyided insightful comments and suggestions. In addition, we
might be addressed by various configurations of systems andare thankful for Dr. Jens Heidrich’s feedback and valuable
environments [20]. Moreover, an actor relationship matrix comments. We are also grateful to the Recruit Sumai Com-
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