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 A DECISION MAKING MODEL USING A 

WEB- BASED AHP: THE STUDY 

PROGRAMME DILEMMA 
 

Abstract: This research paper elaborates on the 

implementation of the web-based Analytical Hierarchy 

Process (AHP) as a potential solution for study programme 

dilemma. Prospective students are used as a research sample 

for an evaluation of the practical use of AHP in programme 

selection. An AHP based web-application is developed and 

added to an already existing web-portal. The hierarchical 

structure is the foundation of the web-application, where the 

final study programme is the main goal, the personal 

preferences defined as criteria and the Faculties are given as 

the alternatives. The sensitivity analysis is given in a form of 

questionnaires where the prospective student compares the 

properties of their  final decision in two cases: a manual 

approach without an AHP employment and an approach that 

includes an AHP web-based application. The results show a 

significant save in the amount of time consumed when making 

the final decision by applying web-based AHP. Furthermore, 

the findings of this research article point out to  eventual 

commercial use of web-based AHP in other areas of internet 

based consumer selection problems. 

Keywords: Quality of Decision Making, Education, AHP, 

Web-Applications, Consumer preferences 

 

1. INTRODUCTION  
 

Europe needs change. Right now, Europe 

is facing huge challenges: the economic crisis, 

unemployment, changing demographics, the 

emergence of new technologies and modes of 

working. In response, and according to the 

report of European Comission on improving the 

quality of teaching and learning in Europe’s 

higher education institutions, “we need more 

creative, flexible and entrepreneurial young 

people who are equipped for the challenges of 

today’s ever changing work environment” [1].  

Emergent disciplines such as Social 

Network-Based Education (SNE), Learning 

Factory (LF), Chaos and Complexity 

Management and Education 3.0 could be 

considered as instruments to address the 

challenges mentioned above. 

This paper presents SNE and LF as 

emergent forms of education and training, 

including some application aspects in the field 

of Quality Management.  

In particular, a real-life implemention of 

SNE methodology in the Integrated Master 

course on Industrial Engineering and 

Management, at the University of Minho, is 

also exposed. 

The paper is organized as follows. In the 

second chapter, basic notions of SNE and LF 

are presented. The third chapter describes the 

LF platform developed and used at the 

University of Minho, which is oriented to SNE. 

The fourth chapter presents some aspects of 

SNE model application in the field of Quality 

Management. Finally, some conclusions and 

references are given.  

 

 

2. THEORETICAL BACKGROUND  
 

Many research studies have employed 

AHP in order to solve numerous multicriteria-

based decision  problems since its first 

introduction in 1980. These include,   a   

supplier   selection,   a   site location, a design 

selection, a project evaluation, a product 

development process, a machine tool selection, 

a vendor evaluation, risk-analysis, et cetera. To 

address their scientific issues, the researches 
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and practitioners mostly relied on stand-alone 

types of software, e.g. Expert Choice,  

TransparentChoice, PriEsT, Super Decision etc, 

where a user of the software has a separate 

window tu create and analyze the problem. 

It is observed however that the focus 

confined more towards an integrated AHP, 

where additional tools (mathematical 

programming, QFD, meta-heuristics, SWOT 

and DEA) are  commonly combined with AHP 

[2]. Albeit not completely following the same 

research trend, this research study relies on 

AHP 9 make the decision  in  discrete  time.  

Furthermore, there is no study that

 effectively investigates  the  psychological  

effects  a web-based  AHP  could  have  on  

user`s decision making process when ranking 

the international study programmes. 

Conversely,   most   of   the   practitioners 

conduct a research on particular element of 

study decision and its ramifications, inter alia: 

the impact a study programme selection has on 

consequent labour market employment 

prospects [7]; the profound factors that 

influence the university major choice [8, 10]; 

the relevance of university major choice for 

future earnings [9]. 

Thus, this research article offers a novel 

approach towards the practical implementation 

of AHP. The authors provide a potentially 

commercial use of AHP as an embedded 

application to an already existing webportal. 

Secondly, we try to capture the effect of how a 

scientifically based web-page add-in (Course 

Selection Assistant) influences the real time 

decision making process of a randomly selected 

user. 

 

 

3. METHODOLOGY 
 

In this Section, the modeling procedure of 

CSA is described, the main research  

hypotheses  are  stated  and  an approach to data 

collection is explained.  

This  research  article  follows  the  trend 

reported in [2] and an AHP based web- 

application is developed and added to an 

already existing web-portal. The hierarchical 

structure is the foundation of the web-

application, where the final study programme is 

the main goal, the personal preferences  defined  

as  criteria  and  the Faculties are given as the 

alternatives. The sensitivity analysis is given in 

a form of questionnaires  where the prospective 

student  compares  the  properties  of  their final  

decision  in  two  cases:  a  manual approach  

without  an  AHP  employment and  an  

approach  that  includes  an  AHP web-based 

application. The user can make the final 

decision directly while conducting   a   research   

about   potential study placement in a given 

country. The authors intend to offer the user an 

ad hoc possibility to compare the alternatives 

(e.g. study programmes) according to preferred 

criteria “on the spot”, i.e.  on the  web-portal. 

Furthermore, the  authors want  to see and to 

measure the impact the CSA has on decision 

process of the user as well to distinguish 

between the elements of eventual alteration in 

user`s attitudes. 

 

3.1 Modeling the CSA 

 

The functionalities of the CSA as an 

application are strictly determined by the 

mathematical axioms valid for AHP. The 

calculus is completely identical. As defined by 

the creator of AHP [11-14], there are four 

fundamental elements of AHP: 

 Problem`s hierarchical structure, 

 Measurement scale (1-9), 

 Pair-wise comparisons, 

 Dominance matrices and vertical synthesis   

of   the    judgements (n×n). 

The principle of AHP may be stylized in 

the following way: there are n independent and 

noneidentical alternatives (A1, A2,… An), 

where each has a weight (W1, W2,…Wn) 

delegated to it. The weights are calculated by 

pair-wise comparisons between the alternatives 

(Ai,Aj). The comparisons are conducted by 

using the metric scale with the range 1-9 where: 

1 (equal), 3 (weak dominance), 5 (strong 

dominance), 7 (very strong dominance) and 9 

(extreme dominance). To generate the final 

weights of criteria and/or alternatives, the 

quadratic dominance matrices are applied. Each 

of the matrices with the form n×n could be 

generally assessed as follows: 

 

 
Where: 

Ai – Criterion/Alternative, 

A – Matrix, 
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aij – Non-normalized Weights, 

n – Total criteria/alternatives number, 

i, j – Index number. 

Additionally, the axioms are  given  as 

follows: 

a) aij ≈ (wi, wj), i,j = 1,2,…,n 

b)   aii = 1, i = 1,2,…,n 

c) if aij = ά, and ά ≠ 0, then aji =   , 

 i = 1,2,…,n 

d) if Ai >> Aj, then aji = (wi / wj) > 1 

The axioms describe a positive and a 

reciprocal matrix where the main diagonal has 

the values of 1. Thusm the user inserts his 

preferences for the upper triangle of the matrix, 

whilst the lower triangle consists of the 

reciprocal values given in the upper triangle. 

The number of inputs (judgements, 

preferences) in the upper triangle of the 

matrix is defined by: ρ = n(n-1)/2, where n 

stands for the size of the matrix A. 

To generate the final weights for each 

criterion/alternativethe following matrix is used 

and the normalization is employed: 

 

 
 

Where n is the number of 

criteria/alternatives, i,j are index numbers, aij 

non-normalized weight and wi,j is normalized 

weight. Once the weights vector is calculated, 

the eigenvalue vector remains to be determined: 

nw = Aw                           (1) 

Aw = λmaxw                     (2) 
Where   A   is   dominance   matrix,   w   is 

weights vector, n is the number of 

criteria/alternatives and λmax is principal 

eigenvalue of A. In case a matrix A is a 

positive and reciprocal one, then it follows 

λmax ≥ n. 

The natural measure of consistency (CI) of 

given preferences (judgements) is being 

measured by the eigenvector: 

CI = 
𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 − 𝟏𝟏                (3) 

𝒏𝒏−𝟏𝟏  
For each size of matrix CI, a mean value of 

randomly generated matrices was computed, 

random index (RI). This measure is required 

to compute the final consistency ratio (CR) as: 

CR = 
𝑪𝑪𝑪𝑪    (4)

 

                   𝑹𝑹𝑪𝑪 

Consistency ratio controls for 

comparability of a given matrix to purely 

random matrix in terms of consistency indices. 

A value of CR ≤ 10% is taken as a threshold 

and considered to be acceptable. Larger values 

direct the user to reconsider his preferences. 

The CSA is a software application written 

in javascript. It automatically generates a 

flexible hierarchical structure of selection 

dilemma that consists of three levels: the final 

decision, criteria, alternatives, respectivelly. 

The final decision is the highest hierarchical 

node and presents the main goal of the process. 

The second level encompasses the selection 

criteria that a user employes when 

disentangling the relative importance of given 

alternatives. The last and the lowest node are 

simply the alternatives, i.e. study programmes 

at various Universities. We focus  our research 

on students  who want to study abroad, in 

Germany to be more precise. The reasons for 

opting for Germany are: Germany is among top 

destination countries of all foreign students; 

there are relatively no tuition fees; German 

Government intends to supplement the 

chronically insufficient labour supply by 

attracting highly educated persons; German 

education has become more internationalized 

(more study programmes in English); the 

impact of consumption increase on local 

economy due to arrival of foreign students. We 

use 

DAAD1 (eng. German Academic 

Exchange Service) webportal as the main 

source of study programmes in Germany. The 

following filters are selected when searching 

for international programmes: Degree  

(Bachelor/Master/PhD);  Field  of  Study  (all);  

Course  Language  (English); Location 

(University); More (Tuition Fees set to none). 

We opt for a embedded web- application 

to test for a new approach in AHP 

exploitation. Basic idea of the authors is that 

an average user does not prefer stand-alone 

software (e.g. Expert Choice) when searching 

for a product on the internet. A modern 

consumer does not want to lose time and 

searches for practical solutions that save his 

time further. Therefore having a CSA as an 

option directly on the web page, with clearly 

stated options, without mentally demanding 

interface and with clearly stated purpose, we 

control for factors influenceing the change in 

perception of an average user, i.e. student. 

There are 5 steps that walk the user 

through the complete process and solve the 
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problem on all three nodes. 

In Step 1 the user selects his selection 

criteria    (e.g.    Location,    Tuition    Fee, 

University   Rank,   Admission   Semester, 

Modules Offered, Campus, Language, 

Web-Site Quality and Scholarship). 

Step 2 requires the user to insert his 

personal preferences concerning each 

previously selected criterion and to mutualy 

compare them in order for weights of the 

criteria to be determined. Consistency ratio is 

controlled for. 

Step 3 requires from the user to mark his 

preferable alternatives, i.e. study programmes 

within the DAAD webportal database for the 

international study programmes in Germany. 

As an annotation the user is informed about 

the course IDs delegated to selected 

alternatives. 

Step 4 follows the same mechanism as 

described in step 2 and determines the weights 

for each of  the alternative with respect to each 

criterion. Consistency ratio is generated for 

each pairs of alternatives matrix. 

Step 5 displays the final decision. 

 

3.2 Research hypotheses 

 

The authors are interested in the way the 

possibility of making a scientifically based 

decision in a short period of time will 

influence the attitude of the consumer 

(prospective student). Since most of the student 

go to study abroad with their family support, 

they actually represent the consumers who 

diminish their family savings by spending it 

on education services. 

The final decision to apply for a study 

place will be based on subjective and 

objective reasons. Yet, the prospective 

student does not have a clear image and 

strong impression about his future final 

decision. This means, his attitudes are open 

for a change. We want to see how an individual 

assesses his personal change in the attitude 

when using an application based on scientific 

ground. This defines the first research 

hypothesis: 

H1 – An individual prefers to use CSA 

when making a decision about his studies 

Furthermore, the prospective student can 

be more or less satisfied and confident with the 

decision he made. This factor is important 

due to direct link between the level of 

satisfaction with the final decision and 

personal excitement or eventual 

disappointment. Thus, the second research 

hypothesis is: 

H2 – A prospective student feels more 

confident with his final decision when using a 

CSA 

Modern consumer conducts a research 

about his potential purchase in order to inform 

himself about the product/service. That 

process requires certain amount of time. The 

same applies to the case when a future scholar 

searches for a potential higher education 

placement abroad. We want to monitor if a 

user subjectively perceives CSA as a source of 

time-saving. Our logic is as follows: if a future 

student while searching for his future study 

placement can consult an additional scientific 

assistance in real time, he will subjectively 

create the impression of a time   save.   

Hence,   out   third   research hypothesis is: 

H3 – CSA is perceived as a practical and 

time-saving solution 

To summarize, the authors are interested in 

measuring how CSA affects the decision 

making process of the users. If the research 

hypotheses are met, we argue for a potential 

new AHP implementation and commercially 

exploitable area of software application. 

 

3.3 Data collection 

 

Our sample consists of 113 units. 

Target audience is a group of individuals who 

have the motives and  ambition to study 

abroad. The idea to capture the main factors 

that shape the decision making process meant 

that we needed to take into consideration 

variety of sample units` characteristics (e.g. 

age, nationality, previous education level, 

etc.). Table 1 gives a descriptive statistics of the 

sample. 

The panel sample will be treated in 

two time periods. Each period will last 1 hour. 

In the first period individuals will search on 

DAAD webportal for potential university 

placements and making their decision without 

CSA and purely based on their logic. This 

approach is labeled Manual way. 

In the second time period the students will 

search on DAAD webportal for  a  potential  

study  programmes  using CSA. This approach 

is called Modern Way. After giving the basic 

instructions about how to search the webportal, 

the individuals will start with their decision 

making process. There will be a time break 

between two periods of 10 days. After second 

period, they will be asked to fill in the 
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questionnaires written in English. There are 20 

questions divided in four logical sections: 

personal information; factors in decision 

making process, CSA section, impressions of 

final decision. 

 

  Table 1.  Sample structure   

N 113 

Average Age 33.7 
Sex 43% male,57% 

female 

Avg. Educat. Level 36%  High  School, 

27% B.Sc / M.Sc. 

Education Groups Pupils, B.Sc., M.Sc. 

Nationality SER,   GER,   CHI, 

NED,   IND,   BUL, 

CZE, etc. 

Age Groups Teenagers, Young 

  people, Seniors   

Official Lanugages English, Serbian 

 

 

To fill in the questionnaire, additional 30 

min were provided. The questions incorporate 

ordinal, nominal and interval scale. Total time 

for conducting this experiment was 2.5h in 

both periods, excluding the time break 

between the periods. Most of the questionnaires 

were filled in online using social networks, 

direct contact via e-mail, personal 

questionnaire. A basic prerequisities for an 

individual to be included in the sample was 

an adequate knowledge of English and a 

proficiency in using internet and web-

applications. In some cases the authors have 

personally assisted in order to overcome the 

language barriers and inadequate  computer 

illiteracy. The period of feedback collection 

was approximatelly two months. A sample size 

is arguably small, however still relatively 

reliable. Descriptive statistics was mainly  

implemented when analyzing the data and 

testing the hypotheses. 

 

 

4. EMPIRICAL FINDINGS 
 

Among the sent 113  questionnaires, 17 

were partially filled out. This accounts to 

slightly more than 85 per cent of successful 

match. In 83 per cent of all of the cases, the 

given time to make the decision was relatively 

enough. 

As expected, a relative majority of 

questioned persons had a positive impression 

about the experiment (89 per cent answered 

positively on Q19 – Do you find this 

experiment interesting?). 

Significantly proportion of people thought 

their perspective on decision making would 

have changed if the time of 2 hours would 

have been longer – 77 percent answered Yes 

to Q6 – Do you think more time is needed to 

make the better decision where to study? A 

priori stance of  an ordinary student is general 

insecurity and partial confusion about the final 

decision. Not more than 44 percent ticked “I 

am sure” in Q7 – Do you think enough 

information is available for the final decision 

to be made? Additionally, only around one 

quarter of the asked students delegated higher 

values in Q8 – Do you agree that you can 

quantitatively assess and accurately compare 

study programmes without any assistance? 

These findings clearly reveal a general state of 

insecurity when a student contemplates and 

predicts future study placement. Potential 

disadvantage for a higher level of satisfaction 

mirrors in mentioned confusion. Some aspects 

are revealed in table 2. 

It is noticed that most of the users are not 

fully self-secured about the process where they 

need to make such a serious decision. That 

serves as a motive  for them to be open for an 

additional assistance. 
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Table 2. Level of Confidence 

Confidence levels 

Low High 

Final decision 

(Manual Way) 

x 

Information amount x 

Readiness to decide x 

Satisfaction with 

final decision 

(Manual way) 

 
x 

  N   96   

 

Conversely, significant portion of 

students positively evaluated the CSA and its 

usefulness (67 percent gave an average value 

of 3.9 on a scale 1 to 5 with 5 as a maximum 

in Q9 – Evaluate the overall contribution of 

CSA in your final satisfaction   with   final   

decision.   This validates out first research 

hypothesis. In the same line with previous 

finding is the overall impression of more than 

78 percent of individuals regarding CSA as a 

pragmatical assistance tool which enables user 

to structure his preferences more precise and 

in a more organized way and therefore saving 

time. Most of those 78 percent marked more 

structured way and more efficient as their 

response in Q10 – Do you consider CSA as a 

time-saving assistance? Mark the main 

factors of assistance. 

Based on these findings we can say 

that the second and third research hypotheses 

are not rejected. 

 

Table3 . Perception about CSA   

Use of CSA 

Yes No 

Practical x 

Efficient x 

Reliable x 

Satisfaction with 

final

 decisio

n (Modern Way) 

Low High 

x 

N 96 

 

There were no significant differences 

among individuals with different cultural 

background and among persons with various 

ethnical origine. However, it was noticed that 

the persons who already acquired international 

experience, expressed more robustness to the 

approach they implement when making their 

final decision. The potential reason is their 

higher level of self-confidence since they 

already experienced foreign education and 

know more precisely what they are looking for. 

Yet, these differences are not affecting the 

relatively higher satisfaction with the final 

decision upon using CSA. 

Interestingly, 29 percent of all students 

perceived CSA as relatively complicated tool 

(Q15 – How would you rate the complexity of 

the CSA? The scale is 1-5 where 5 is too 

complex to handle). 

 

 

5. CONCLUSION 
 

In this paper, we present a novel 

approach to study selection dilemma. The 

CSA example showed the potentially new area 

of research for AHP practitioners. We tested for 

an effectiveness of AHP as a scientific tool 

for a decision about future study placement 

abroad. The novel aspect of this approach 

reflects itself in the form of AHP-based 

software that is implemented directly into the 

webportal. We provide some arguments with 

our findings that a CSA as integrated in 

webportal provides an immediate and accurate 

assistance to the user. Furthermore, there is an 

evident time save in    the    decision    making    

process    as perceived by more than two-

thirds of questioned prospective students. The 

example of university selection was used in 

this research study and the findings contribute 

to the already existing literature the main 

criteria when selecting a study programme. 

Another contribution is the new insight this 

study brought: Can we use AHP on other 

webportals for travel selection issues; 

purchase via Amazon or online gift ordering? 

For the purpose of this study we developed 

only a prototype that has certain functional 

disadvantages. 

This article opens the commercially 

exploitable area for the web hosters owing to 

the potential advertisement that could be 

included on AHP web-based applications. 
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APPENDIX  

 

 
Figure A1 - Determining the criteria weights in CSA 

 

 
Figure A2 - Defining the weights of the alternatives in CSA 

 

 
Figure A3 - The Final Results in CSA 
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