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Abstract— Big data innovations and development brings
opportunities to leverage the impacts of performance metrics on
a strategic plan.

The purpose of this research work is to study the selection of the
performance metrics based on the preferences, and find out what
metrics are prioritized in a current strategic plan and how to
translate big data insights into meaningful managerial actions.
The authors prioritized group commitments and commitment of
KPIs in the case study of universities in Mongolia, using the AHP
approach for multi-criteria decision makings. Hardcopy
questionnaire and interview sessions were used for collecting
data to analyse the prioritization results.

Based on the prioritization results of strategies, we find that
decision-makers strongly prefer strategies with the goals and this
preference causes the imbalance of metrics on the dashboard.
The prioritization of metrics is highly influenced by the data
availability of management reporting. Prioritization of
performance metrics are data-driven and bring bottom-up
impacts on the dynamics of the strategic plan. The conflicted
interests of stakeholders, internal policy, and the excessive
amount of metrics make strategic decision makings difficult.

The application of AHP in the case study contributes to
improving the speed of decision-making processes, providing
scientific results on KPIs prioritization and selection, and
providing an approach to assess the differences between what
strategic planners think and what they execute and prioritize on
a practical level.

The prioritization of performance metrics is the sustainable
approach that can be extended to other strategic decision
makings as well, for example prioritizing business model
elements or business processes.

This research work proves that the multi-criteria decision-
making approach AHP can be used to prioritize and identify
strategic focus based on selections of the performance metrics.
The research also demonstrates the importance of combining
bottom-up data-driven analytics with top-down strategy-making
processes in big data developments.

Keywords— KPIs, performance, metrics, strategy, decision
making

I. INTRODUCTION

Information is multiplying at an exponential rate and
institutions intensively planning to take advantage of fast
moving and complex data to achieve improvements in the
performance. Traditional information systems used by
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organizations in the decision-making process have primarily
focused on historical events rather than real-time changes
(Bhimani, 2015). How to unleash possibilities in the strategy-
making process and create strategic value via big data
innovations has become a top concern for a growing number
of organizations [1], [2].

Nowadays, big data innovations enable organizations to
measure all kinds of performances [3]. However, limitless
information is being analyzed with limited imagination and
limited processing power (Priestley, 2015).

Several existing studies have focused on assessing the
relationship between strategy decision making and the
performance measurement, such as evaluate performance of
alternative strategic choices (Bitici et al, 2001), prioritization
organizational KPIs with SMART criteria and goal settings
(Shahin and Mahbod, 2006), the selection of KPIs based on
analytic network process approach (Carlucci, 2010), assess a
KPI monitor system by using Technology Acceptance Model
(Muniandy, 2011), the development of performance metrics
repository  for  business model innovations  and
implementations (Bouwman et al, 2013).

The current research aims to use the Analytical Hierarchy
Process (AHP) (Saaty, 1980) as a research approach to
identifying the most preferred performance metrics based on
preferences [4]. Because rationality and behaviour issues play
significant roles in the strategy-making process, both
qualitative and quantitative criteria are included in the multi-
actor, multi-criteria decision-making process [5], [6]. The
AHP approach is applicable to fulfill the needs of
decomposition, comparative judgment, and synthesis of
priorities (Shahin & Mahbod, 2006).

This study work contributes to research by assessing the
effectiveness of the performance metrics while aligning
objectives of the strategy, models, and processes supported
with the empirical evidence.

The application of AHP in the case study contributes to 1)
improving the speed of processes, 2) providing scientific
results on KPIs prioritization and creating insights to translate
the performance results into convincing argumentative terms,
3) providing an approach to assess the differences between
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what decision-makers think and what they executed and
prioritized in the operations [7], [8], [9].

The present paper is structured as follows. Relevant
literature is reviewed and discussed in Section 2. Section 3
explains the research methodology in details and section 4
introduces case descriptions for the application of the AHP
approach. The results and research findings are presented in
section 5. Section 6 concludes the limitations and suggestions
for further research.

Il. LITERATURE REVIEW

Henry Mintzberg defined the strategy with five Ps: plan,
ploy, pattern, position and perspective, strategy in his words
are more like a stream of actions and decisions rather than
planning. In 2011, Max McKeown argued, “Strategy is about
shaping the future” with human attempts to achieve “desired
ends with available means.” Kaplan and Norton (1996)
perceive strategies as “the unique and sustainable ways which
organizations create value”.

Design failures usually happen in two situations. Firstly,
design failure occurs when companies use too few or too
many measures [10], [11], [12]. Too few KPIs lead to an
imbalance between the outcomes they want to achieve and the
performance measures that drive the outcomes, and too many
KPIs indicate that the critical few are never going to be
identified [13], [14]. Secondly, the design failure occurs
"when business units within the company are not aligned with
an overall strategy” and each unit develops its Balanced
Scorecard due to their interests [15]. In this situation, no
common language is used across the organizations, and the
balanced scorecard turns to “Scorecard Babel” (Kaplan and
Norton, 2001).

A business model is positioned as a conceptual and
architectural implementation of the business strategy
(Osterwalder, 2002). Followed by the application of the AHP
approach, Carlucci (2010) evaluates and selects KPIs based on
the analytic network process (ANP) based model. His study
work identifies a set of the criteria for multi-criteria decision
making and enhances the quality of KPIs selection by using
exact weights [16], [17], [18], [19]. However, the AHP
approach is only applied and tested with only seven KPIs and
the selection criteria lack sufficient theoretical bases.

Generally speaking, both qualitative and quantitative
models have been used to make contributions to overcoming
the gaps in the design and implementation of performance
measurement systems [20]. Conceptual models are more often
being used to assess the alignment between strategic goals and
performance metrics, and being validated by interviews,
surveys or case studies [21]. Quantitative models are more
likely being used to assess the effectiveness of performance
measurement systems and metrics, for example, the AHP
approach or other mathematical iterative models [22], [23],
[24].

I11. RESEARCH METHODOLOGY

Analytical Hierarchy Process (AHP) is the structured
approach developed in the 1970s by Saaty. In past decades,
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the AHP approach and the PC-based software Expert Choice
have been widely used by both the public and private sectors,
in more than 30 diverse decision-making areas including
strategic planning, resource allocation and policy-making
procedures (Shahin and Mahbod, 2006). Recent studies
verified that the AHP method can provide a systematic
procedure to represent the elements of any problems in
multiple decision-making situations, such as choice, ranking,
prioritization, benchmarking, etc. (Saaty, 1983; Gass, 2011).
By applying the AHP approach, both quantifiable and
intangible criteria are well utilized in problem-solving
frameworks (Vargas, 1990). On the one hand, the performance
measurements are required to present real facts with reliable
data [25]. On the other hand, the practitioners are eager to
know which measures or metrics are actually “Key” for them
to measure and improve the performance of the systems [26].
The multi-actor, multi-sector, networked-enterprise
environment decides prioritization or the selection of key
performance indicators a complex problem [27], [28]. The
application of the AHP method can provide solid
mathematical and psychological bases for decision-making
with a particular focus on prioritizations, which greatly
contributes to avoiding the selection and design of KPIs that
are solely based on "gut feelings"” [29], [30], [31]. Meanwhile,
recent studies have shown the feasibility to select or prioritize
KPIs with the AHP method and confirmed the selection can
deliver meaningful guidance and managerial implications
(Shahin and Mahbod, 2006; Carlucci, 2010).

To organize the decision-making procedures and to
generate the priorities, Saaty (2008) proposes four steps to
decompose the decisions: "1) Define the problem and
determine the kind of knowledge sought; 2) Structure of the
decision hierarchy from top to down [32]. Starting from the
top - the goal of the decision, then the objectives from a broad
perspective, followed by the intermediate level criteria on
which subsequent elements depend, to the lowest level, a set
of alternatives; 3) Construct a set of pairwise comparison
matrices; and 4) Use the priorities obtained from the step 3 to
weigh the priorities until the final priorities of the alternatives
in the bottom level are obtained.

The KPI selection model should be seen as an indispensable
tool, which can help for providing support in the identification
of the critical spots/weaknesses and resolve them in the future
perspective by measuring and analysing the selected metrics.
The great number of growing metrics that are influenced by
the management. As a result, unnecessary quantities of
unprocessed data are being collected. For using this data, it’s
required to make the analysis.
Also, the Analysis Model is a part of the KPI selection model
and it can be divided into the next main phases. Steps of
research method in this study:

e Data collection (getting answers on the questions);
Data analysing;
Weight calculation (based on answers);
Ranking of the answers;
KPIs selection;
KPIs implementation;
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e Data collection;
e Data analysis - An AHP analysis tools.
The whole process, shown in Figure 1 should be repeated
continuously, as the situation is changed rapidly and it
requires the monitoring of the whole processes in the
universities.
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Figure 1. KPI selection model and Optimization procedure
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The optimization problem considered can be formulated as:

Min R;

subjected to

KPI < KPI™ )
questions < questions*,

Pl >PI"

R; -stands for resources (total time for analysis, working hours

for completing the questionnaire, etc.), KP1™-and questions™ are
estimated upper limits for the number of KPIs and questions,
respectively. To keep the model adequate, the information
related to performance Pl should be retained upper critical
limitp1™.

The basic steps of the KPI selection/optimization procedure
can be outlined as follows:

Stepl. Forming the initial questionnaire, KPIs

Stepl.1. Composing initial questionnaire based on literature,
experts, KPIs

Stepl.2. Identifying links between constructs and questions,
KPlIs

Stepl.5. Classification of KPIs (direct, indirect, suggested)
Step2. Applying an expert group for reducing questions, KPIs
Step2.1. Ranking questions

Step3. Applying outlier’s method for reducing questions, KPIs
Step3.1. Employing the standard deviation method
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Step3.2. Selection of outliers based on the results of applying
outlier’s methods
Step4. Estimating the final set of KPIs and questions.

The KPI selection model with the data flow and necessary
steps/optimization procedure illustrates in the above figure.

IV. DATA COLLECTION

This study work focuses on the research domain of
prioritization and selection of performance metrics of top
universities in Mongolia. The high variety of operational
performance indicators and performance management systems
makes it difficult to devise an actionable strategic plan [33],
[34], [35]. Visions, missions, and commitments illustrate that
which kind of key performance indicators required to be
selected.

A. The questionnaire

After decomposing the problem into a hierarchy tree, the
elements (factors, attributes, and alternatives) on each level
have to be compared by the pair-wise method [36], [37].
Elements of pair-wise method will be compared based on its
relative importance to the parent level [38], [39]. The scale
which is showed below (Table 1), it is used to express the
level of relative importance in pair-wise comparisons. This
scale is designed based on past AHP studies and the setup of
questionnaires.

TABLE 1. SCALE FOR PAIR-WISE COMPARISON
(ADAPTED FROM NIKOU, 2012)

Intensity of

Definition Explanation
Importance
. Two activities considered
1 Equal importance -
equally important
3 Moderate One activity is marginally
importance of one
favoured over another
over another
5 Essential or strong One activity is strongly
importance favoured over another
One activity is very strongly
7 Very strong favoured and its dominance is
importance . -
demonstrated in practice
The evidence favouring one
9 Fn)w(trggaice activity over another is of the
P highest possible order
2468 Intermediate values between

two adjacent judgments

The questionnaire was used for this research work to collect
the data from pair-wise comparisons. It was designed based on
the study of Nikou (2011). The draft questionnaire was
designed firstly. After that required to make the test by expert
and some potential participants [40], [41]. All questionnaires
are revised based on the feedback and comments [42], [43],
[44].

It is always required that participants obtained a certain level
of knowledge about the studied topics (Nikou, 2011).

In reality, it is a small group of managers who knows and
works on institutional strategy by using KPIs. Most of the
participants are managers or directors, who are owners of
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commitment KPIs from different groups or functions in the
institutional. Table 2 lists the information of participants who
completed the questionnaires.

Questionnaires are distributed and collected via face-to-face
meetings. The value of the position coefficient characterizes
the impact of the manager’s team position on the answer. The
higher coefficient shows more trustworthy information. It is
influenced by the final answer.

For evaluation of the coefficient values, the judgment of the
expert group of members must be with more than 5-year work
experience in the field of process optimization in the main
research/activity area. It was taking into account the
coefficients values and the results are introduced in table 2.

TABLE 2. INFORMATION OF PARTICIPANTS
Participants Coefficient
Governing board 1
President 0.9
Vice-president 0.8
Directors of institutions 0.7
Managers 0.6

B. Data analysis

A total of 84 people participated and 67 respondents
returned to the completed questionnaires. 17 respondents
uncompleted questionnaires. To simplify the analysis of the
received data, the answers were grouped by the number of
respondents from whom they were received. Reliability
analysis was performed to check the consistency of the survey
data. Cronbach's Alpha was calculated. According to the
theory, the data is reliable, if Cronbach's coefficient alpha is
above 0.700 and the acceptable minimum must be 0.600.

V. EXPERIMENT RESULTS

In this section, the results of applying the AHP approach in
KPIs prioritization are discussed and elaborated.

The alpha coefficients for each group of answers are given
in table 3.

TABLE 3. THE ALPHA COEFFICIENTS FOR EACH GROUP OF ANSWERS

H '|"'\'?'1
M|| I \“
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Figure 2. The question distribution function

In statistics, the standard deviation is a measure of the amount
of variation or dispersion of a set of values.

s= ‘/ N lIzl<x. -%)? 2)

Where {x,x5,...,xy } are the observed values of the sample

items, x is the mean value of these observations, and N is the
number of observations in the sample.

A low standard deviation indicates that the values tend to be
close to the mean of the set, while a high standard deviation
indicates that the values are spread out over a wider range.

Performance indicators

1 15 2 25
Standard deviation

Figure 3. Performance indicators standard deviation

The value of the standard deviation is fixed from 0 to 2. The
main standard deviation is found below than 1 and it’s the
performance indicators set as from 141 to 50. The main idea
of the duplicated questions based on the compared checking
procedure.
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From table 3 we can see that the results of the groups 3, 8
are not consistent. The questions could be the reason for the
low consistency, as the data set was evaluated from 1 to 9
score. The answers on duplicated questions, which have
differed from each other more than 1 point, were not taken
into account and were eliminated from the analysis. Figure 2
shows the question distribution functions.
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Figure 4. Calculation of expert evaluation by AHP approach

The average value of weight was calculated and the rank was
applied for each question. The investigated situation which is
described by the question was recognized as acceptable.
Arguments with an average weight between 2 and 4 were
placed into a second group. The situation was considered, the
average weight fixed less than 3 were placed in a group. In
table 4 shows the importance of the problems which have
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been characterized by the values of the rank and average
weight of the questions.

TABLE 4. QUESTIONS RANKING

TABLE 5. RANKING OF THE MAIN KPIs

KPI No KPI Name Rank
KPI 1 Percentage of income from non-budgetary sources 9
in the revenue structure of the university
Percentage of graduate, postgraduate students and
KPI 2 doctoral candidates in the total number of full-time 10
students
KPI 3 Percentage of educational programs delivered in 8
English
Percentage of research and teaching staff with
KPI 4 publications indexed in the Web of Science and 1
Scopus databases
KPI 5 Number of postdoc researchers 7
KPI1 6 Reputation among employers 3
KP1'7 defence of Ph.D. and DSc theses 4
KPI 8 International students enrolled in joint educational 5
programs
KPI 9 Percentage of International faculty 6
KPI 10 Percentage of International students 2

The quality issues according to the analysis also needed to
be introduced to the management.

The proposed KPIs analysis should be performed not only
one time but it needed to be iteratively evaluated.

Now we are introducing the package of recommended
metrics for universities to make performance evaluation, to
increase the competitiveness and use it for decision making
strategy and planning.

TABLE 6. THE PACKAGE OF RECOMMENDED METRICS IN UNIVERSITY
EXAMINED

KPIs Rank Importance

Percentage of research and teaching staff
with publications indexed in the Web of
Science and Scopus databases

[N

R
Questions Average Comment 2
k
the total number of research and Higher-
teaching staff. 3.281 >hetter 15
number of articles indexed in the Higher-
Web of Science and Scopus 2.339 4
>hetter
databases
number of full-time international 1 Higher- 1
students >hetter
total number of full-time students 2.771 Higher- 10
>hetter
number of main educational 2701 Higher- 6
programs delivered in English ) >hetter
the average number of university 3.027 Higher- 12
research and teaching staff. ) >hetter
number of researchers qualified Higher-
through a competitive selection 2613 >hetter 7
process and working under '
postdoctoral programs
the number of user’s electronic Higher-
educational products. 3.206 >hetter 14
reputation score among employers 2.2 Higher- 2
>better
the number of Ph.D. and DSc theses 2623 Higher- 8
defended. ) >hetter
number of full-time graduate students 2.277 Higher- 3
>hetter
number of full-time postgraduate 2748 Higher-
students ) >hetter
. - Higher-
English language proficiency 2.479 Shetter 5
number of the official documents that 3133 Higher- 13
have duplicates in English ) >hetter
mcome_from 5!”.”_19 income- 2893 Higher- 11
generating activities >better

Percentage of International students high

Reputation among employers

According to the main concept of the analysis model, each
argument/question was connected to KPIs at the beginning of
the survey and the main KPIs group with their ranking rating
was selected (see table 5) in the previous studies. Based on
this knowledge, the metrics for universities should follow in
the future to change the situation were selected.

Based on the KPIs ranking and the ranking of the issues,
the final table with rankings is introduced in table 6.
According to the results, TOP3 critical issues at the tested
universities were:

o Percentage of research and teaching staff with
publications indexed in the Web of Science and Scopus
databases (number of articles, number of research and
teaching staff.);

o Percentage of International students (number of
International students, number of total students);

o Reputation among employers (Percentage of
educational programs delivered in English, New unique
and cutting-edge educational programs, Number of
electronic educational products users, Specific area of
social infrastructure facilities, Courses delivered in
English).
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Defence of Ph.D. and DSc theses

International students enrolled in joint
educational programmes

Percentage of International faculty

Number of postdoc researchers

Percentage of educational programmes
delivered in English

0 (N O | B~lwWwN

Percentage of income from non-budgetary v
sources in the revenue structure of the 9
university

Percentage of graduate, postgraduate
students and doctoral candidates in the 10
total number of full-time students

Low
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The proposed AHP-based model has limitations on
assessing alignments of analysis models and the process via
performance metrics.

VI1.CONCLUSIONS

The KPIs ranking accelerates the development of
universities and supports government policy.

Further development of the research work should be related
to improving the model by particularly focus on analysis
model design aspects and the selection of related metrics
while addressing the barriers of a large number of metrics.
Finally, the model is open and replicable for future
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development. In conclusion, this paper proposed a KPIs

prioritization framework with the application of an AHP

approach. This KPIs prioritization can help with the selection
of performance metrics and assess the alignments of strategy,
models, and processes.

This study work contributes to providing exploratory
evaluations of a quantitative approach to the developments in
the managerial decision-making process and performance
management.
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