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ABSTRACT

Today, there is no consensus about proper timing and conditions for integration of PowerPoint 
presentations into the educational process. But the model-based evaluation can make a decision-making 
process easier when it comes to using presentations. The purpose of this study is to build a formal 
model to evaluate presentations. In order to build a formal model, the authors suggest employing 
hierarchical structure consisting of aggregation operators, such as the weighted averaging operator, 
minimum operator, and fuzzy Choquet integral. The proposed formal model shows experts’ knowledge 
of the interdependencies between the criteria. The experiment described in the paper demonstrates 
the effectiveness of such a model as it allows to formalize expert preferences gradually, which may 
include interdependencies between the quality criteria of a presentation. Thus, this model will allow to 
store, analyze, and compare presentations properties that are necessary for their successful application.
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1. INTRODUCTION

MS PowerPoint (PP) as an instrument was initially designed for Macintosh in 1984 and then it was 
purchased by Microsoft (Gaskins, 2012). Over the years, the number of educators who use PowerPoint 
presentations (PPP) for teaching has become overwhelming because PP has been the most famous 
means of making up presentations. Indeed, PP is installed on more than 1 billion computers (Brock, 
2017).

However, no consensus has been reached if presentations are worth employing in educational 
process.
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On the one hand, (Fedisson & Braidic, 2007) describes an experiment dedicated to evaluation 
of PPP effectiveness. The results of this experiment prove that the use of PPP increases the students’ 
level of comfort and, subsequently, improves their performance.

On the other hand, (Kedare et al., 2019) described an experiment where students who completed 
the course using the traditional teaching method (chalk, blackboard, lecture) showed better results 
compared to their counterparts who used PowerPoint presentations. This study confirms the idea that 
conventional lecture can be evaluated as more comprehensible and informative, since such lectures 
may create interactive learning environments in which pieces of slides are excluded (Cosgun, 2017).

Recent meta-analysis (Baker et al., 2018) has shown that there was hardly any difference in 
learning results when employing PPP or not. In (Kernbach et al., 2015) identifies some deterrent 
measures for PPP. In particular, full length sentences are hard to be put on the PPP slides to hold the 
sence (Farkas, 2009) and understanding (Yates & Orlikowski, 2007). Popular bullet lists foster an 
illusion of clarity and do not show the whole picture (Gabriel, 2008). Meanwhile, (Jenkins, 2012) 
studies the debates about the need to apply PPP.

Therefore, instead of contemplating on whether to use this tool, it appears that we should 
concentrate on how and when it should be used to help students in the learning process (Jourdan & 
Papp, 2013). Besides these two important issues, the issue of what kind of presentation it should be 
to help students in learning the best way is not the least important.

For example, PowerPoint can be very beneficial, but the material that is not pertinent to the 
lecture subject is harmful to students learning (Bartsch & Cobern, 2003). And the rise of form over 
content spoils the presentation (Grech, 2018). This corresponds to Mayer multimedia learning theory 
(Mayer, 2002). In (Hallewell & Crook, 2019) the lectures styles is analyzed and draws a conclusion 
that the presentation of the material should be consistent and coherent despite the individual styles of 
lecturers. Also the educators must use PowerPoint presentations in such a way that students understand 
that the presentation is supplementary to class attendance, not a replacement for it (Crawley & Frey, 
2008). One way to tackle the issue is to create interactive PowerPoint presentations (Boyas, 2008).

There is a wide range of studies of PPP applications in various areas: physics (Erdemir, 2011), 
medicine (Grech, 2018); (Bamne & Bamne, 2016), accounting (Sugahara & Boland, 2006), astronomy 
(Miller & James, 2011), sociology (Hill et al., 2012), education of foreign language students (Gordani 
& Khajavi, 2019). Each of the disciplines needs PPP to meet its particular requirements to make 
students learn in the most effective way (Garrett, 2016).

To find out possible ways to improve PPP, the software engineers can be guided by scientific 
research carried out in various fields of activity, on the one hand, and by the students feedback 
(Williams et al., 2016) and students surveys (Cullen et al., 2018), (Szabo & Hastings, 2000) on the 
other hand.

Such surveys are usually carried out among students to find out their opinion about a certain 
PPP (Apperson et al., 2008). The results of such surveys are the PPP quality criteria values averaged 
over the students. That criteria correspond to various PPP qualities. In (Basturk, 2008), the author 
lists the following groups of quality criteria for a presentation: “content” and “design”. These groups 
correspond to the same composite criteria, which, in turn, are the results of the convolution of criteria 
in the respective groups. To compare PPP and give preference to one of them, the less formalized 
experts evaluation is applied (Apperson et al., 2008, Akella, 2017, Bridges & Luks, 2016).

However, such an approach is constrained by the fact that it does not let some of the experts see 
clearly and in formal details the reasoning of the other experts. Moreover, the application of simple 
average for aggregation of certain PPP quality criteria, there is no chance to take into account their 
possible mutual influence that, in its turn, makes the evaluation of PPP inexact.

This brings us to the crying task of developing a formal approach to evaluate PPPs that would 
allow the identification of the experts reasoning and taking into account possible mutual influence 
of PPP quality criteria.
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To make an educated decision backed up by experts’ opinion, this paper suggests a formal 
evaluation of presentations that relies on quality criteria. The main principal is similar to the evaluation 
of web interfaces on the basis of user criteria (Alfimtsev et al., 2016). To develop such a model, it 
is necessary to set the criteria of presentation quality first and then, with the help of experts, set the 
criteria aggregation operator. After the model is developed, it can be used for the evaluation of a 
particular presentation.

This paper is organized as follows. Section 2 describes the proposed approach to developing a 
model for evaluating PPP quality. In particular, in subsection 2.1, the criteria for the quality of PPP 
are stated; in subsection 2.2, the proposed formal model for evaluating the presentation is shown; in 
subsection 2.3, a step-by-step procedure for evaluating the PPP is described. Section 3 contains the 
experiments and their results. In particular, in subsection 3.1, presentations selected for the experiments 
are described; in subsection 3.2, the proposed evaluation procedure is implemented; subsection 3.3 
interprets the results. Section 4 presents conclusions drawn from the experiment results regarding the 
application of the proposed approach and suggests some directions for further research of this problem.

2. PROPOSED APPROACH

2.1. Criteria of Presentation Quality
Criteria for presentation quality can be set out in different ways. In (Apperson et al., 2008, Akella, 
2017, Bridges & Luks, 2016), a number of similar criteria are discussed.

In particular, in (Bridges & Luks, 2016), possible reasoning of an expert regarding the content 
of the presentation is described. Formalization of such reasoning, we denote “quality of content” by 
the criterion G

1
. In turn, it can be obtained as a result of aggregation of the following criteria: 

g
1
1—“breadth of considered problem”, g

2
1—“focus on the problem”, and g

3
1 —“quality of the list of 

references”.
Criteria g

1
1–g

3
1  are evaluated by an expert by a 10-point scale. If there is no list of references or 

table of contents, the criteria g
2
1  andg

3
1  are impossible to evaluate. In this case, the content quality 

of such a presentation is also not evaluated. The criterion g
4
1  denotes the presence of the list of 

references, and g
5
1—the presence of the table of contents. These criteria are binary and take values 

from the set {0, 1}. The introduction of the criteria g
4
1  and g

5
1  implies the necessity of a table of 

contents and list of references in a good presentation.
The quality of the presentation also depends on its design. There are several quality criteria for 

design. One of such criteria is “the degree of structure of individual slides and the presentation in 
general” (Akella, 2017, Bridges & Luks, 2016). In (Apperson et al., 2008), the presence of sound in 
a presentation was determined by students to be significant (69% of respondents preferred a 
presentation with sound to the same one without it). Other design quality criteria are font parameters 
(size, character color, color combination (contrast; background; color choices); quality of animation, 
graphs, and tables. The above criteria will be merged into two abstract criteria: g

1
2 —“design” (font 

parameters, color combination, animation quality) and g
2
2 —“presentation and slide structure.” The 

criteria g
1
2  and g

2
2  are also evaluated by an expert by a 10-point scale. As in the case of the criterion 

G
1
 “quality of content,” the lack of introduction in the presentation will make it impossible to evaluate 

the quality of the design due to its impact on the presentation structure. Therefore, the presence of 
the “presentation and slide structure” criterion g

2
2  makes sense only if the binary “presence of 

introduction” criterion g
3
2  is 1​​. Let G

2
 denote the composite criterion “quality of design.” In turn, 

G
2
 will be resulting from the aggregation criteria g

1
2 –g

3
2 .
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Now we shall consider the mutual influence of the denoted criteria. The composite criteria G
1
 

“quality of content” and G
2
 “quality of design” can be evaluated separately since the design and 

content of the same presentation can be done by different people, and it will not affect the quality of 
the presentation. Criteria within relevant independent G

1
 and G

2
 groups can influence each other. 

Consider the appropriate relation. The criteria g
1
1  “breadth of considered problem”, g

2
1  “focus on 

topic”, and g
3
1  “quality of the list of references” correlate positively with each other, as it is obvious 

that the breadth of considered problem directly depends on both list of references used and not straying 
from the topic. In addition, the criteria g

1
1  “breadth of considered problem” and g

2
1  “focus on topic” 

are interdependent and, in a sense, interchangeable. Meeting the criterion g
2
1  can have almost the 

same effect on the evaluation result as the meeting of both the criteria g
1
1  and g

2
1  due to the fact that 

if the content of the presentation corresponds to the topic, even if the designated problem is not fully 
considered, the presentation is most likely good from the informational standpoint. The criteria g

1
2  

“design” and g
2
2  “presentation and slide structure” correlate positively ˗ high-quality design can be 

achieved only if the presentation features a high-quality structure. In this case, it is logical to give 
preference to g

2
2  over g

1
2  because the structure is more important in terms of information perception 

than design when it comes to presentations. The influence of the binary criteria g
4
1 ,g

5
1  and g

3
2  on 

the other criteria is described earlier in this paper.

2.2. Formal Model for Presentation Evaluation
The arguments concerning the presentation quality criteria from the previous section can be formalized 
using the hierarchy of the corresponding aggregation operators. An aggregation operator is a function 
that depends on input criteria and features specified properties (Beliakov et al., 2016). The criteria 
themselves and the result of the aggregation are determined and take values from the unit interval 
[0, 1], and therefore, in the model of a formal quality evaluation for presentations, all the criteria 
should be reduced to the interval [0, 1]. They can be reduced by dividing the corresponding ratings 
on a 10-point scale by 10. In order to obtain the overall evaluation of the presentation quality Ω from 
the values of the initial criteria g

1
1 ,…,g

5
1 , g

1
2 ,…, g

3
2 , the aggregation operators should be chosen.

The selection of such operators is not an obvious task. The differences between the operators 
and the methods of setting out the corresponding hierarchies are due to the specifics of the tasks 
being solved. The examples of such application are integrated evaluation of student performance 
(Magadum & Bapat, 2018, Mane et al., 2014), engineering risk assessment (Rozhok & Tatarinov, 
2019), evaluation of the technological process state (Sakulin et al., 2017), estimation of weak classifiers 
in pattern recognition (Samorodov, 2016) or evaluation in forensic medicine (Anderson et al., 2010).

The most common and relatively simple operators are minimum (min), maximum (max), and 
weighted averaging operators. However, using only them makes it impossible to take into account 
any interaction between the criteria, including correlation and interchangeability discussed earlier. In 
order to formalize expert knowledge of dependent criteria, discrete Choquet and Sugeno integrals are 
used (Samorodov, 2011). The main difference between the two is that the Choquet integral is based 
on linear operators, while the Sugeno integral is based on nonlinear operators (min and max). The 
Choquet integral is suitable for quantitative aggregation, while the Sugeno integral is more suitable 
for ordinal aggregation. The quality criteria of the presentation are quantitative, and the change in 
each of them should influence the result of the evaluation. Therefore, the Choquet integral was chosen 
as an aggregation operator for the dependent criteria.

In order to use the Choquet integral, the identification of fuzzy measure is needed. Fuzzy measure 
expresses the subjective weight or importance of each subset of criteria and can be defined as follows 
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(Grabisch et al., 1998): Fuzzy (discrete) measure is a function µ : [ , ]2 0 1J → , where 2J  is the set 
of all subsets of the criteria index set J H= { ,..., }1 , which satisfies the following conditions:

1) 	 µ µ( ) , ( )∅ = =0 1J  ;
2) 	 ∀ ⊆ ⊆ ⇒ ≤D B J D B D B, : ( ) ( )µ µ .

The value of the µ( )D measure can be interpreted as “weight” or combined impact of the criteria 
included into the subset D of the criteria index set J H= { ,..., }1 . In the considered problem, the 
presentation quality criteria are the Choquet integral criteria.

The above considered interdependencies between the criteria can be formalized by the Choquet 
integral (Marichal, 2000).

Correlation is the best known of the dependencies between criteria. Two criteria i j J, ∈  are 
positively (negatively) correlated if experts can observe a positive (negative) correlation between the 
contributions of two criteria to the aggregation result. Positive correlation will be expressed by the 
inequation I i j( , )< 0 , but negative one – by I i j( , )> 0 . In case the criteria i  and j  do not correlate, 
we come to the equation I i j( , )= 0 .

Substitutiveness (complementarity) is another type of dependence. The idea of formalizing this 
type of dependencies using fuzzy measures was proposed by (Murofushi & Soneda, 1993). For 
example, if we have two criteria i j J, ∈ and can suppose that the expert believes that meeting only 
one criterion causes almost the same effect as meeting of both. Here the importance of a pair of 
criteria is close to the importance of each of them individually, even if other criteria are present. In 
this case we see that the criteria i  and j almost substitutive or interchangeable. The inequations like 
the ones for expressing positive and negative correlation criteria can be applied to express these 
dependencies by fuzzy measures and the Choquet integral.

The identification is complicated by the necessity to set a measure value for each subset of the 
criteria that shows experts preferences, which is impossible to implement in practice (Grabisch, 1997). 
Therefore, such identification is carried out using various indirect methods (Grabisch et al., 2008).

To use the Choquet integral, we have to identify a fuzzy measure on the basis of expert knowledge. 
This identification is complicated by exponential increasing complexity in the sense that it is necessary 
to set a value of fuzzy measure for each subset of criteria. Setting the values ​​of all 2J coefficients of 
the fuzzy measure µ( ),D D J⊆  is very difficult or even impossible for the expert. Note that even 
in case of three criteria to determine the fuzzy measure, it is necessary to obtain 2 83 =  coefficients. 
Despite this complexity the Choquet integral still can be applied in practice. For this Grabisch proposed 
the concept of κ - order fuzzy measure or κ - additive fuzzy measure (Grabisch et al., 2008). This 
order κ  can be less than the number of aggregated criteria, κ < =J H . The essence of the κ - 
additivity concept lies in simplification of the task of fuzzy measures determination by excluding the 
dependencies between more than κ  criteria. According to that, we chose three-additive Choquet 
integral. To identify the fuzzy measure for the model, we chose the method of least variance 
(Kojadinovic, 2007). This method allows us to obtain a unique fuzzy measure or none if it contradicts 
expert preferences; it also provides the objectivity as a result of aggregation in addition to the 
subjectivity of an expert’s opinion.

Let’s build up a hierarchy in the form of a tree of aggregation operators to evaluate the quality 
of presentations. The choice of operators the tree consists of will be based on the influence of the 
criteria on each other and on the result as a whole.

The composite criteria G
1
 “quality of content” and G

2
 “quality of design” are independent of 

each other. For that reason, we use a simple weighted averaging operator AGG G G wG w G( , )
1 2 1 1 2 2

= + , 
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where w
1

 and w
2
 are weights determined by an expert directly or indirectly. The Fishburn’s scheme 

is applicable to obtain the values w
1

 and w
2
(Fishburn, 1970).

Due to the mentioned interchangeability of the criteria g
1
1  “breadth of considered problem” and 

g
2
1 ”focus on topic,” we can apply the Choquet integral for their aggregation. At the same time, it is 

necessary that we take into account the impact of the criteria g
4
1  “presence of the list of references” 

and g
5
1  “presence of introduction” on the composite criterion G

1
 “quality of content” described 

earlier. To do this, we use the minimum operator, which will reduce the value of criterionG
1
 to zero 

if at least one of the criteria g
4
1 , g

5
1  takes a zero value. Since the criteria for g

1
2  “design” and g

2
2  

“presentation and slide structure” are interdependent, the Choquet integral is applicable as an 
appropriate aggregation operator. Sometimes experts struggle to answer certain questions from the 
questionnaire. For that reason, we introduced the option “I find it difficult to answer this question”. 
To cope with this, we will apply the Kolmogorov-Nagumo theorem in our evaluation model (Nagumo, 
1930, Kolmogorov, 1930). According to this theorem, if there is no value for any criterion, it can be 
replaced by the average value of the remaining criteria, which will slightly affect the result (Dujmović 
& Tré, 2011).

The way we received the criterion G
1
, we will obtain the criterion G

2
 through the minimum 

operator, which will nullify the criterion value of criterion G
2
 if there is no introduction in the 

presentation (nullification of the g
3
2  “presence of introduction” criterion). The resulting hierarchy of 

the aggregation operators is shown in Figure 1.
In accordance with the hierarchy above, the evaluation of the presentation quality Ω  can be 

expressed with the formula:

Ω = +w g g C g g g w C g g g
1 4

1
5
1

1
1

2
1

3
1

2 1
2

2
2

3
2

1 2
min[ , , ( , , )] min[ ( , ), ]µ µ 	 (1)

Here, the Choquet integrals C g g gµ1 1
1

2
1

3
1( , , )  and C g gµ2 1

2
2
2( , )  together with the corresponding 

minimum operators are used to calculate the values of the composite criteria G
1
 and G

2
.

Figure 1. Hierarchy of aggregation operators
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2.3. The Procedure for Assessing The Presentation Quality
Presentation evaluation based on the proposed model consists of the following steps.

Step 1. Provide experts with selected presentations and ask them to rate each presentation by the 
scale from 0 to 10 according the questionnaire:

1. 	 Is the topic of the presentation fully considered?
2. 	 How relevant is the content to the designated topic?
3. 	 Evaluate the reliability of the sources.
4. 	 Is there an introduction? (0 — no, 10 — yes)
5. 	 Is there a list of references? (0 — no, 10 — yes)
6. 	 Assess the design (graphics, sound elements, animation, color combination, font readability).
7. 	 Assess the structure of the presentation and individual slides.
8. 	 Is there a table of contents? (0 — no, 10 — yes)
9. 	 Which is more important for the presentation, content or design? Or both?
10. 	Which presentation is better in terms of design?
11. 	Which presentation is better in terms of content?

If an expert finds it difficult to answer the question, they can leave the field in the questionnaire 
blank.

Step 2. Average the ratings obtained in the previous step on questions 1–8 by finding the arithmetic 
mean for each criterion. If there were any blanks in the questionnaire, the average of the existing 
ratings for the relevant criteria should be put there. The averaged ratings are divided by 10 for 
them to fit the interval [0,1].

The step should result in obtaining the values ​​of the quality criteria g
1
1 ,…,g

5
1 , g

1
2 ,…, g

3
2  for the 

presentations.

Step 3. Average the answers to question 9 by selecting the most common expert response. The result 
of processing the answers to this question will be presented as a ratio in the set {content, design}. 
For example, content ~ design means that, according to the experts, the presentation content is 
just as important as its design.

Answers to questions 10 and 11 should be averaged by choosing the best presentation based on 
the relevant experts ratings. The results of processing experts’ answers to these questions will be 
presented as relationships of partial non-rigorous order between presentations. For example, g g

1
1

2
1� , 

where �  means that, according to the experts, the presentation g
2

 is better than the presentation g
1
 

in terms of content.

Step 4. Formalize the relationship between the criteria identified in Section 2.1 in the form of 
corresponding inequalities using the representation of the interaction of the Choquet integral.

Step 5. Apply the entropy maximization method to identify fuzzy measures µ µ
1 2
,  based on the 

results from Steps 3 and 4 with the Kappalab package (Grabisch et al., 2008). Obtain the values 
of the weight coefficients w

1
 and w

2
 with the Fishburn weights scheme (Fishburn, 1970).
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Step 6. Apply the values from the previous steps g
1
1 ,…,g

5
1 , g

1
2 ,…, g

3
2  and fuzzy measures µ µ

1 2
,  

to formula (1) to obtain the result in the form of the overall quality evaluations Ω  for each of 
the presentations using the Kappalab package.

3. EXPERIMENTS AND RESULTS

3.1. Presentations Used for The Experiments
The evaluation procedure was applied to two publicly available presentations. The first is an 
introductory presentation from the CSF course on basic machine learning concepts (Figure 2) by 
Stanford University (SU) (Re & Ma, 2019).

Figure 2. SU presentation on machine learning

Figure 3. MIT presentation on computer thinking and data science
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The second presentation is an introductory lecture on computer thinking and data science by the 
Massachusetts Institute of Technology (MIT), which is devoted to optimization problems (Figure 3) 
(Guttag, 2019).

3.2. Implementation of The Procedure
We chose 30 first-year postgraduate students from the University as our experts.

Step 1. The experts receive the questionnaire and answer the questions.
Step 2. We averaged the obtained answers to questions 1–8. You may find the averaged results of the 

survey in the form of normalized criteria values in Table 1.

Both presentations have content, introduction, and a list of references (unit values in the table). 
The value of the criterion g1

1  “breadth of considered problem” is the same for both presentations. 
The topics are explored to some extent in both presentations, but there are some flaws according to 
the experts. The main drawback of the MIT presentation is excess of information, while the SU 
presentation suffers from the lack of it. As for the criterion g

2

1  “focus on topic,” the SU presentation 
has a higher rating as the information is very consistent with the topic throughout the presentation. 
The MIT presentation, on the other hand, has the information that is irrelevant to the main topic. The 
list of references in MIT presentation contains a list of scientific and educational literature. The one 
of the SU presentation includes the links to Internet resources that may not be reliable. Therefore, 
the value of the criterion g

3

1  “evaluation of the list of references” in the presentation of MIT is greater. 
From Table 1, it becomes clear that the criterion g

1

2  “design” in the MIT presentation is of a lesser 
value than the one in the SU presentation possibly due to an insufficient number of graphic elements 

Table 1. Averaged results of experts ratings

Criterion MIT (g1 ) SU (g2 )

g
1
1 0.8 0.8

g
2
1 0.8 0.9

g
3
1 0.9 0.7

g
4
1 1 1

g
5
1 1 1

g
1
2 0.7 0.8

g
2
2 0.7 0.8

g
3
2 1 1
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(images, tables, graphs) in the MIT presentation. The value of the criterion g2
2  “presentation and 

slide structure” is equal for both presentations.

Step 3. The answers to question 9 of the questionnaire revealed that most experts consider both design 
and content equally important for presentations. In our case, which is fairly simple, the weight 
coefficients w1  and w2  can be obtained with the Fishburn method as follows:

w w
1 2

0 5= = , 	 (2)

The answers to question 10 of the questionnaire show that the MIT presentation is superior to 
the SU one in terms of the criterion G1  “quality of content”. This experts preference is expressed as 
a relation between the corresponding implementations:

g g
1

1

2

1
 	 (3)

Here g1
1  denotes the implementation of the criteria g g

1

1

5

1
,...,  for the MIT presentation, and 

g
2

1  — the implementation of the same criteria for the SU presentation. Based on the answers to 
question 11 of the questionnaire, we can conclude that, according to the majority of experts, the SU 
presentation has better design (G2 ) than the MIT presentation. This expert preference is expressed 
as a relation between the corresponding implementations:

g g
1

2

2

2
 	 (4)

Here g
1

2  denotes the implementation of the criteria g g
1

2

3

2
,...,  for the MIT presentation, and 

g
2

1 — the implementation of the same criteria for the SU presentation.

Step 4. The interdependencies between the criteria from Section 2.1 are formalized. The positive 
correlation of criteria, g1

1 ,..., g
3

1 , can be formalized using the sign of the interaction index of 
the relevant criteria:

I�
1

1 2 3 0( , , ) � 	 (5)

Here the index µ1  indicates that the interaction index (5) refers to the integralC g g gµ
1

1

1

2

1

3

1
( , , ) . 

The positive correlation between the g
1

2  “design” and g2
2  “presentation and slide structure” criteria 

is formalized using the sign of the interaction index of the relevant criteria:

I�
2

1 2 0( , ) � 	 (6)
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Here the index µ2  indicates that the interaction index (6) refers to the integralC g gµ
2

1

2

2

2
( , ) . 

The experts reasoning states that, when determining the value of the criterion G2  “quality of design”, 
the criterion g2

2  “presentation and slide structure” is more important than the criterion g
1

2  “design”. 
Let us formalize it using the corresponding Shapley indices:

� �� �
2 2

1 2( ) ( )� 	 (7)

Step 5. Based on the results of Steps 3 and 4, the fuzzy measures µ1  and µ2  are identified as 
inequalities (2–7). For identification, we applied a method for minimizing the dispersion of fuzzy 
measures under given constraints, which is implemented in a specialized Kappalab package. In 
accordance with this method, preference relations (3, 4) are translated into inequalities:

C C c� �
��

1 1

10 8 0 7 0 9 0 8 0 8 0 5( . , . , . ) ( . , . , . )� � 	 (8)

C C c� �
��

2 2

20 9 0 8 0 7 0 5( . , . ) ( . , . )� � 	 (9)

Here � �
c

1 , � �
c

2  are experts indifference thresholds. Criteria g
4

1 , g
5

1  and g
3

2 , when converting 
preference relations (3, 4) into inequalities (8, 9), are not considered as they have unit values and do 
not affect the results of aggregation in the form of values of the composite criteria G1  “quality of 
content” and G2  “quality of design”.

Inequalities (5–7) are converted, respectively, into inequalities:

� � � �1 1 2 3 1I I( , , ) � � 	 (10)

� � � �1 1 2 2I I( , ) � � 	 (11)

$ g $ g $( ) ( )
2

2

1

2
2� � � � 	 (12)

Here � �
I

1 , � �
I

2 , � �
$

2 , � �
c

1 , � �
c

2  are indifference thresholds set by the experts to identify relevant 
fuzzy measures. All input criteria are defined within {0, 0.1, ..., 0.9, 1}, while the restrictions on 
indifference threshold values are set to prevent selection of values for which the fuzzy measures 
identification problem does not have a solution. Based on this, the following values of these thresholds 
were set:� �

I
1 0 005� , , � �

I
2 0 005� , , � �

$
2 0 02� , , � �� �

c c
1 2 0 055� � , .



International Journal of Information and Communication Technology Education
Volume 17 • Issue 1 • January-March 2021

12

The identification results in the form of the parameters of the corresponding integrals (interaction 
indices and Shapley indices) are shown in Table 2. The problem of weight coefficients w1  and w2  
was addressed earlier (2).

In Step 6, based on the values of the criteria g1
1 ,…, g

5

1 , g
1

2 ,…, g
3

2  and the fuzzy measures 
µ µ
1 2
,  in the form of the corresponding interaction indices and Shapley indices, the values of the 

Choquet integrals C g g gµ
1

1

1

2

1

3

1
( , , )  and C g gµ

2
1

2

2

2
( , )  for g1 , g2  are obtained. These values are 

shown in Table 2 along with the values of the overall evaluation Ω  for the reviewed presentations.
Let us suppose that, for some reason, we could not get from the experts the value of the criterion 

g
2

1  “focus on topic.” In this case, in accordance with the Kolmogorov-Nagumo theorem, the value 
of this criterion is replaced with the average value of the remaining criteria for each presentation. 
The results of aggregation for such a replacement are shown in Table 3.

3.3. Interpretation of The Results

The results obtained during the experiments are shown in Table 2. The interaction index Iµ
1

1 2( , )  

takes the value −0.0050 from the interval [−1; �� �
I

1 ]. This expresses the interdependence of the 
criteria g1

1 , g
2

1 , which corresponds to the experts reasoning. The remaining interaction indices 
for the criteria related to C g g gµ

1
1

1

2

1

3

1
( , , )  are equal to 0. As expected, the results of the aggregation 

reflect the experts opinion formulated in (1–7). The obtained values ​​ of the Choquet integrals 
C g g gµ

1
1

1

2

1

3

1
( , , )  and C g gµ

2
1

2

2

2
( , ) , given in the table, demonstrate the experts preference of the 

MIT presentation in terms of the criterion G1  “quality of content” and the SU presentation in 

Table 2. The results of criteria aggregation

Φ( )1 Φ( )2 Φ( )3 Iµ
1

1 2 3( , , ) Iµ
2

1 2( , ) g1 g2

Cµ1 0.4975 0.4975 0.005 -0.005 – 0.799 0.7969997

Cµ2 0.5025 0.5025 – – -0.005 0.7 0.85025

Ω – – – – – 0.7495 0.8236248

Table 3. The results of criteria aggregation with partial absence of input data

g1 g2

Cµ1
0.8003502 0.7969998

Cµ2
0.7 0.85025

Ω 0.7501751 0.8236249
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terms of the criterion G2  “quality of design.” The results of the aggregation also reflect the experts 
opinion that the higher the quality of the material presented (criteria g1

1  and g
2

1 ), the lower the 
importance of the list of references evaluation (criterion g

3

1 ). Also, as expected, the evaluation of 
the composite criterion G1  “quality of content” is higher for the implementation g

2
. Overall, the 

SU presentation is evaluated higher than the MIT presentation, which is shown in the values ​​of 
the final evaluation Ω .

The results in the absence of information from the experts on a g
2

1  criterion value are shown in 
Table 3. The overall evaluation of the SU presentation remained relatively higher than that of the 
MIT presentation. The difference in final evaluation Ω  has changed by 4.9%. This confirms that the 
proposed model remains successful and healthy in the partial absence of data from experts.

Thus, all the experts reasoning about the quality criteria of preferences were taken care of for 
the formal model of presentation evaluation.

4. DISCUSSION

Both technologies in educational process and technological literacy of lecturers on their own do not 
always mean their effective application. Their integration and the effective use require lecturers’ 
knowledge and understanding of the theoretical basis that would justify and support the application 
of technologies (Yang & Skelcher, 2019).

Not only the theoretical basis for the application of technologies, but strong beliefs and 
long-held stereotypes of academic staff influence the application of the technologies (Tondeur 
e al., 2017). Moreover, it is not only important to introduce the technologies, but to use them 
in an intelligent way. The reasonable decision to use a technology in the educational process, 
informal or weakly formalized methods of analysis are employed. For example, (Page, 2019) 
compares and contrasts the use of tactile and digital sketches when designing, (Costa, Teixeira & 
Alvelos, 2018) analyses the current application of wholescale free online courses at universities, 
(Tafazoli, María & Abril, 2019) analyses the conditions of the successful introduction of intelligent 
computer-assisted language learning, (Tuapawa, 2017) brings out some features of educational 
online technologies application.

A recent tendency to converge various fields of expertise has not spared such fields of science as 
pedagogy and education, on the one hand, and formal theory of decision making, on the other hand. 
Therefore, there are formal approaches to decision making in the field of education. In particular, 
(Deb et al., 2019) discusses the application of fuzzy logic to find possible gaps in teaching students; 
(Singh & Rawani, 2019) discusses the fuzzy approach to rate various expectations of students of 
technical universities; (Yassine, Battou & Omar, 2019) describes how to use fuzzy analytical hierarchy 
process to define the weights of open online courses to increase completion rates and to decrease 
dropout rates; (Bendjebar, Lafifi & Seridi, 2016) employs fuzzy logic for a formal estimation of tutor 
profiles to classify online tutors. The results of the practical application of such formal approaches 
have shown the effectiveness and repeatability of the decisions made.

At the same time, the application of such formal approaches faces the challenges that involve a 
lack of means to formalize possible interconnections between the criteria to make a decision as well as 
possible lack of data. Methods of decision-making theory in possible accounting for interconnections 
between the criteria has allowed us to formalize experts’ preferences with high accuracy and ‘fine 
tuning’ of the model. One of the most popular application of technologies in educational process is 
the use of Power Point. Therefore the model was used to evaluate PP presentations. The model takes 
into account the interconnections between the criteria and nonsensitive to a lack of data.



International Journal of Information and Communication Technology Education
Volume 17 • Issue 1 • January-March 2021

14

5. CONCLUSION AND RESEARCH PROSPECTS

Recent achievements in the theory of decision making have allowed us to formalize human reasoning 
where there is uncertainty and (or) some data is missed. The formal evaluation of PPP is bridged by 
such research areas as pedagogy, psychology and computer sciences.

The paper considers a model of PPP evaluation on the basis of hierarchy of aggregation operators 
including the Choquet integrals. The hierarchy is tolerant to the absence of input data due to the 
application of the Kolmogorov-Nagumo approach. This model allows PPP evaluation even if a part 
of experts’ evaluations is missed and takes into account the interdependencies between the criteria as 
well. The results of the experiments on PPP evaluation have showed that all the experts’ preferences 
were taken into account by the model built by the suggested approach.

In addition, such an approach faces a number of challenges such as choice of certain quality 
criteria of PPP, type of hierarchy for aggregation operators, choice of aggregation operators themselves, 
parameters of the aggregation operators. All this depends on the personality of the expert in a certain 
applied field of activity, on their subjective opinion.

Moreover, poor intuitive understanding of such aggregation operators as the Choquet integral 
makes experts employ simplified models that do not allow formalization of interdependencies between 
quality criteria.

Nevertheless, by increasing refinement it becomes possible to develop formal models for PPP 
evaluation in various fields of activity. If the construction of the described hierarchy is performed by 
several experts who may have different opinions about the subject, the use of the considered approach 
will help them find a compromise solution. This is possible because all considered types of expert 
preferences can be presented explicitly and unambiguously in the form of the corresponding operators 
incorporated in the hierarchy. The process of formalizing presentation evaluation can be iterative, 
which implies a gradual refinement of experts preferences. After such models are developed, it will 
become possible to store the data about the necessary properties of PPP in various fields of activity. 
This in its turn will allow to identify the differences more carefully between PPP properties applying 
them to certain areas of activity and provide essential recommendations for PPP designers.

The research plans in this area include developing software with deep learning to improve the 
experience of presentation evaluation as well as to building automatic pattern recognition models to 
evaluate PPP. Besides, to overcome the difficulties the experts face when working with aggregation 
operators, additional research is needed in the field of visualization of aggregation operators by 
cognitive graphics to help the experts in intuitive understanding.
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