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Abstract: The extensive demand for blended learning programs imposes the problem of 

selecting the most appropriate instructional design from amongst a variety of alternatives 

that may be feasible for a particular program. The decision-making process should 

consider a number of qualitative factors such as the satisfaction of learning needs, 

educational efficiency, ease of implementation and total financial cost. In this paper, we 

propose that Bates’ (1995) e-learning instructional design model ACTIONS, which 

describes seven qualitative dimensions pertinent to selecting a design, can be used in 

conjunction with Data Envelopment Analysis to provide a distinct decision-making 

framework to aid administrators in determining which blended learning programs are the 

most effective. The first stage in the analysis is to explain which ACTIONS dimensions can 

be regarded as inputs and which can be treated as outputs for the sake of the decision 

process, with all seven dimensions being measurable by ordinal scores assessing the 

expected performance of alternative designs. In the second stage of analysis, we use Data 

Envelopment Analysis with ordinal data to obtain an overall expected performance index 

that is able to discriminate the designs most efficient and most suitable for implementation. 

The methodology is illustrated by an example. Discussion and Conclusions follow. 

Keywords: e-Learning, Blended Learning, Instructional Design, ACTIONS, Data 

Envelopment Analysis, Ordinal Data 
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1. INTRODUCTION 

Over the last few years, progress in information and communication 

technologies has created exciting new educational options for learning in business and 
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academia. Insofar as these options involve computers, other new technologies, and the 

Internet they are generally termed “e-learning” or “online learning.” Benefits of e-

learning are continuous learning, educational efficiency due to the use of attractive 

technological means, time savings and reduced costs both for students/learners and 

institutions (Munro and Munro 2004; Ioakimidis, Smirlis, Hassid 2011). 

Insofar as e-learning modes are combined with traditional face-to-face or 

classroom learning, the term “blended learning” can be applied (Bentley, Selassie, 

& Parkin 2012). Blended learning has been considered to constitute a new 

paradigm for education (Chen & Yao, 2016) and has been proposed as the most 

attractive and effective approach for learning (Gunter 2001). A recent meta-

analysis of research on the effectiveness of e-learning and blended learning in 

comparison to face-to-face instruction suggests that overall, students in blended 

learning programs have better outcomes than those who learn solely in face-to-face 

settings (Means, Toyama, Murphy, Bakia, & Jones, 2010). Moreover, studies 

suggest that higher education students prefer blended learning to solely online 

learning (Precel, Eshet-Alkalai, & Alberton, 2009). 

For a proposed particular blended learning program, deciding the proportion 

of face-to-face to e-learning and how the two modes are to be integrated is a 

complicated process. A blended design could range from the simple use of e-mail 

discussion lists in traditional classroom lectures to substantial use of video 

conferencing and web-based self-studying. For colleges and universities, which are 

often resistant to innovation, the task of deciding on and implementing blended 

learning programs can be particularly demanding (Garrison & Vaughn 2013). The 

challenges are many, including developing a substantial, appropriate, and reliable 

infrastructure, timely evaluation of program success and assuring that program 

goals of the institution are aligned with those of faculty and students (Moskal, 

Dziuban, & Hartman, 2013). 

To determine successful blended learning for a particular program requires 

much effort at the planning phase, which is a discrete step of blended learning 

program development that requires determining the goals and objectives of the 

program; estimating costs for technology, personnel and infrastructure; and 

developing an action plan to operationalize the overall plan (Garrison and Kanuka 

2004). Decisions should be made about the mixture of different types of instructional 

methodology and technologies to be used for each learning objective, while taking 

into consideration important issues such as student backgrounds, effectiveness of 

different technologies, budget limitations, availability of instructors and technical 

infrastructure. As a result, a number of instructionally attractive alternative designs 
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may arise, making the task of choosing the most efficient design of a blended 

learning program extremely complex. The challenge for instructional designers is to 

analyze how well available designs fulfill the objectives and goals of the program to 

achieve the maximum overall educational efficiency. 

In this paper we present a methodology for evaluating alternative designs for 

blended learning that arise when the different educational, technological and 

implementation factors are considered. We propose that Bates’ (1995) model 

ACTIONS can be used to describe the qualitative dimensions of a blended learning 

program, which can then be assessed by applying ordinal rankings for the 

characteristics of each different design. Initially, the model ACTIONS was 

proposed by Bates as an organizing principle for selecting technologies in distance 

education. We view application of ordinal rankings in the ACTIONS model 

dimensions as composing a data set suitable for Data Envelopment Analysis 

(Charnes et al. 1994), which can provide an overall performance score that 

aggregates the expected educational effectiveness, technological innovation, 

implementation and cost of a program. This score can be used to classify 

alternative designs into two distinct classes: the efficient and the non-efficient. 

Non-efficient designs can then be rejected and the efficient ones further considered 

as for possible implementation. 

The structure of this paper is as follows. In section 2 we present the model 

ACTIONS used for the assessing of different instructional designs. In Section 3 we 

present the Data Envelopment Analysis model using ordinal data to evaluate the 

most efficient cases, and in Section 4 we illustrate the proposed methodology by 

providing more explanations and an arithmetic example. Discussion of the 

methodology and conclusions follow in Sections 5 and 6. 

2. THE ‘ACTIONS’ MODEL FOR EVALUATING  

DISTANCE LEARNING DESIGNS 

Current research indicates that the quality and overall performance of 

distance learning programs is difficult to monitor, assess and evaluate due to the 

lack of standards and qualitative issues such as satisfaction of particular learners’ 

needs, effectiveness of the technologies and the media, level of organizational 

services provided and efforts required of the organization to implement and support 

the program. A number of different approaches and models have been proposed 

towards defining evaluation criteria in order to formally describe and compare 

instructional designs, particularly those that use e-learning technologies 
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(Thompson and Irele, 2003, Ioakimidis, 2018). These varying suggestions can be 

viewed as applying to blended learning programs as well.  

An early and influential instructional design model was the ADDIE model, 

developed at Florida State University for instructional systems development (ISD) 

program for U.S. military interservice training (Branson, Rayner, Cox, Furman, King, 

& Hannum, 1975). The ADDIE model specified five stages of educational program 

development. As applied to blended learning, these five stages would be to analyze 

program objectives, design instructional components, develop the designs into an 

organized whole, implement the program, and evaluate the results. A brief sample of 

other suggestions that can be applied to blended learning includes Begičević and 

Divjak’s (2006) view that decision making for implementing e-learning in higher 

education involves four phases: intelligence (identifying the central decision problem), 

design (establishing criteria and developing design alternatives), choice (evaluating 

alternatives) and implementation. They considered key factors to be availability and 

development of human resources; basic and specific technology infrastructure; and 

strategic, formal and legal readiness for e-learning implementation. Huddleston and 

Pike (2008) offered seven key decision criteria to take into account in choosing 

whether to initiate an e-learning program: determine the learning task, media attributes, 

instructional attributes, the learning context, learner characteristics, organizational and 

cultural context, and costs. Lambert and Williams (1999) developed a three-step model 

for selecting educational technologies, consisting of determining elements of the 

learning process, the technologies available to enhance the learning process, and the 

logistical constraints on choosing a technology. 

One of the most influential decision models for selecting e-technology, and 

one that can also be applied to blended learning decisions, is Bates’ (1995) 

ACTIONS model for validation and development of open and distance learning 

programs. (Ioakimidis, 2017). This model focuses on dimensions that are critical for 

determining learning objectives, instructional technologies, media, implementation 

and cost. The name ACTIONS is an acronym that stands for seven distinct factors 

that affect the design and implementation of distance learning. These are: Access, 

Cost, Teaching and Learning Implications, Interactivity and User-friendliness, 

Organizational Issues, and Novelty and Speed. 

We propose that the ACTIONS model can be used as a benchmarking 

framework to analyze the expected performance of different designs of a blended 

learning program at the planning stage, prior to implementation. According to our 

viewpoint, the factors of the ACTIONS model define a set of benchmarking 

criteria for the evaluation of different design versions that could be possibly 
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implemented. This approach consists of a rather formal and systematic framework 

to describe alternative instructional designs and thereby to enable a prediction of 

their overall performance. Moreover, it allows applying quantitative benchmarking 

techniques to distinguish the most attractive and effective designs. Under this 

perspective, and largely following Bates’ (1995) explanations, the seven factors of 

the ACTIONS model can be viewed as follows: 

1) Access is the extent to which the proposed design is accessible by the 

target group of the program and how flexible it is for that group. 

2) Cost is for the educational institution’s expenses for implementing the 

particular design. 

3) Teaching and learning implications describe the level of expected 

satisfaction of learning needs, depending on the technology and structure 

of the program. 

4) Interactivity and user-friendliness refers to how interactive and friendly 

the design is for the users. 

5) Organizational issues are the organizational requirements and difficulties 

involved in program implementation, considering infrastructure, personnel 

and other resources 

6) provided. 

7) Novelty is how the program contributes to the renewal of the institution 

and how new is the proposed technology. 

8) Speed is how quickly the program can be mounted and materials be 

developed and changed. 

The factors in the ACTIONS model are all of a qualitative nature except 

Cost, which can be estimated as a crisp real value. However, considering all of the 

possible variations of the actual total cost when a distance learning program is 

finally implemented, a more perspicuous approach at the planning stage is to define 

the estimated level of cost of a particular design as being at one of several levels, 

thereby regarding it as a qualitative variable. Indeed, it is clear that all of the seven 

factors of the ACTIONS model can be measured on a typical ordinal scale of, say, 

3, 4 or 5 ranks. By using ordinal measurements, the estimation of an overall 

expected performance index for each of the seven factors can be simplified. 

Notice also, in preparation for the next section, that three of the ACTIONS 

factors can be regarded as inputs into the decision process, while four can be 

regarded as outputs. In particular, the factors of Cost, Organizational issues, and 
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Speed can be regarded as inputs since they are non-educational variables that limit 

which instructional designs can be considered. In contrast, Access, Teaching and 

learning implications, Interactivity and user-friendliness and Novelty are all factors 

that refer to the educational and institutional outcomes of a design and thus can be 

considered outputs of the decision process.  

In what follows, the relevance of the difference between what are considered 

inputs and outputs of the ACTIONS model will become clear. First, in the next 

section, we provide the description of an aggregation technique call Data 

Envelopment Analysis (DEA). We will then explain how DEA can be used to 

estimate the overall performance index which characterizes in one value the quality 

and effectiveness of a blended learning program design and can thereby be used as a 

decision-making tool for selecting the most appropriate designs for implementation. 

3. DATA ENVELOPMENT ANALYSIS WITH ORDINAL DATA 

Data Envelopment Analysis (DEA) (Charnes et al. 1994) is a linear 

programming-based technique for measuring the relative efficiency (benchmarking) of 

homogeneous organizational units that consume incommensurable multiple inputs and 

produce multiple outputs. The efficiency of the units is measured by the ratio ‘weighted 

output’ to ‘weighted input,’ which for a particular unit is to be maximized. The inputs 

and outputs are variables measured with real positive numbers. The term 

‘organizational units’ does not strictly refer to administrative units such as departments, 

branches, divisions and retail shops, but is extended to include entities in general.  

In DEA, each unit is left free to estimate its relative efficiency score in its 

most favorable way, in order to attempt to reach the maximum possible score, 

which is set commonly for all of the units. Each unit defines its own significance of 

inputs and outputs by assigning proper values to the weights. In such an 

arrangement, efficient units are those that have achieved, relative to the rest, the 

maximum efficient score. Due to the definition of efficiency (ratio output/input), 

the efficient units appear to have greater total output relative to their total input.  

The so assessed efficiency scores can discriminate the units into two different sets: 

the efficient units, i.e. those units which achieved to reach the maximum bound of 

the efficiency score; and the inefficient units, the units which, even in their most 

favorable combination of the weights for input and output, did not manage to reach 

the maximum efficiency bound. 

The original definition of DEA assumes real positive values for the multiple 

inputs and outputs. Furthermore, the use of imprecise data, i.e. data of interval and 

ordinal type, has been extensively studied in many research efforts (Cook and 
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Kress 1991; Cook, Kress and Seiford 1996; Cooper, Park, and Yu 1999; Despotis 

and Smirlis 2002), and a number of different approaches and models have been 

proposed. A special case of this DEA extension occurs when all inputs and outputs 

are measured in ordinal scale, describing pure qualitative characteristics of the 

units. In many applications, the well-known 5-rank Likert scale is used, with the 

rank 1 to denote the best, “excellent”, performance, the rank 5 stands for the worst, 

“poor”, performance and the in between ranks intermediate levels of performance. 

Note that the ordinal scale is defined to reflect the increasing utility for outputs and 

the decreasing utility for inputs (excellent rank means better performance in 

outputs and less resource consumption for inputs). The mathematical description of 

the DEA model in the case of pure ordinal inputs and outputs is as follows.  

Let a set of n  alternatives be compared along s  inputs and m  outputs all of 

ordinal type. Without losing the generality (see Cook and Kress 1991), we assume 

the ordinal scale is common to all inputs and outputs and includes K  distinct 

ranks. For each alternative ,   1,..,j j n , we define ( )ijx k to be a real value 

corresponding to the ordinal score of the rank k  for the input characteristic i  of 

the alternative j . Accordingly, let ( )rjy k  be the equivalent real value of the rank 

k  of the output characteristic r  of the alternative j . For a particular alternative
0

j , 

the DEA mathematical model in the case of ordinal data is the following:  
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Model (1) maximizes the efficiency score 
0j

h by estimating real values for the 

variables ( ), ( )ij rjx k y k . Every unit defines its own scale by assigning corresponding 

real values to each ordinal rank k  in its most favorable way so to maximize its own 
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efficiency score. The constraint 1,  1,..,jh j n    sets the maximum upper bound 

for the efficiency value equal to 1 and ensures that all alternatives are compared in 

fair basis. The constraints ( ) ( 1) ,  2,..,ij ijx k x k d k K     and 

( ) ( 1) ,  2,..,rj rjy k y k d k K     are set to implement the ordinal relations 

(1) (2) ... ( )ij ij ijx x x K    and (1) (2) ... ( )rj rj rjy y y K    for inputs and 

outputs, respectively. The parameter d  is to discriminate every two consecutive 

ranks 1k   and k . The constraint ( ), ( ) , , , ,ij rjx K y K j r i k   sets the positive 

lower bound   for the less important rank. The parameters   and d  are constants 

and take positive values of a magnitude appropriate to make the linear model feasible 

and to better discriminate the consecutive ordinal ranks (see Ali and Seiford 1993). 

Model (1), due to the ratio 
0j

h , is not linear, but it can be reformulated as a linear 

model as follows:  
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           (2) 

Model (2) is solved n  times, one for each alternative ,   1,..,j j n . Those 

alternatives that have achieved the maximum efficiency score, i.e. 
0

1jh  , are 

those that have better overall performance (greater output relative to input). The 

rest, those that achieve
0

1jh  , are definitely not efficient, although they have been 

given the opportunity to define the ordinal ranks in their most favorable way.  
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4. DEA FOR THE BENCHMARKING OF  

ALTERNATIVE INSTRUCTIONAL DESIGNS 

Model (2), presented in the previous section, can be used to discriminate 

alternative proposed designs for a blended learning program in terms of their 

efficiency. In this case, the efficiency is defined as the overall expected 

performance of a particular instructional design, expressing in a single score how 

useful, effective, innovative, easy to implement and low in cost a design is 

expected to be. As explained previously, the dimensions of the instructional 

designs described in the ACTIONS evaluation framework can be characterized as 

inputs and outputs, according to their expected utility. Thus, Cost, Speed and 

Organizational requirements are set as inputs. On a scale ranging from, say, 1 to 5, 

these factors can be given lower values to show better performance for that factor 

in a particular blended learning design. The other four factors, Access, Teaching 

and learning implications, Interactivity and user friendliness and Novelty are set as 

outputs, with higher values on the 1-5 scale indicating better performance. The 

resulting DEA model for the overall performance evaluation consists of 3 inputs 

and 4 outputs. The required data with the ordinal ranks for each characteristic and 

each alternative can be provided by instructional designers or field experts. 

To illustrate the above-presented DEA model for assessing the overall 

performance of alternative instructional designs for blended learning, we provide 

the following arithmetic example. For an e-learning program of a post-graduate 

university course, 10 alternative designs could be possible for implementation. 

Each design has been graded in the seven dimensions of the ACTIONS model with 

a rank ranging between 1=Excellent and 5=Poor for inputs and, for outputs, the 

scoring is reversed, with 1 = Poor and 5 = excellent. Table 1 presents the so-formed 

data set. From a simple review of Table 1, it is obvious that some designs dominate 

others in the sense that they have better scores in all of the criteria. For example, #1 

dominates #5 and #18 dominates #17. For these cases, the superiority is 

straightforward. In some other cases, a design may have a greater score in one 

criterion but lower in others. This is the case for #8 and #9. In such cases, the 

comparison is questionable. 
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Table 1: The ordinal data set and the overall performance score 

 Input Output  

 COST SPEED ORGANIZATIONAL 

 

ACCESS TEACHING INTER- 

ACTION 

NOVELTY Overall Performance 

#1 3 2 1 2 3 2 1 1 

#2 3 2 2 4 4 2 2 0,95 

#3 1 3 5 4 2 2 3 1 

#4 4 1 2 3 1 1 4 1 

#5 5 2 3 2 4 2 4 0,92 

#6 3 4 3 3 5 3 3 0,9 

#7 2 4 5 4 5 4 4 0,92 

#8 4 4 3 1 3 5 2 1 

#9 4 5 2 2 3 3 4 0,91 

#10 4 3 4 3 2 2 4 0,94 

#11 3 2 4 5 3 2 5 0,9 

#12 3 5 4 4 4 4 5 0,85 

#13 5 3 3 4 5 3 2 0,89 

#14 3 4 5 3 3 2 5 0,89 

#15 4 5 1 2 2 3 2 1 

#16 5 2 2 3 1 2 3 1 

#17 5 4 3 4 2 4 3 0,93 

#18 3 4 3 4 2 5 5 1 

#19 2 3 5 5 3 4 3 0,95 

#20 1 1 5 3 4 4 5 1 

#21 2 3 4 4 3 3 4 1 

#22 3 5 4 4 5 2 2 0,89 

#23 4 4 4 2 5 3 3 0,89 

#24 5 5 2 2 3 2 1 0,94 

 

The last column of Table 1, which shows the overall performance score, derives 

from the application of the DEA model (2) to this data set. The last column of Table 1 

shows that designs #1, #3, #4, #8, #15, #16, #18, #20 and #21 have achieved the maximum 

overall performance score of 1; hence, these are the most suitable for implementation. The 

rest of the designs, with overall performance scores less than 1, are relatively inefficient. 
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5. DISCUSSION 

The value of our decision framework based on Bates’ (1995) ACTIONS 

model is that it adds clarity to the complex task an institution may face when 

attempting to select the most suitable blended learning program out of a range of 

possibilities. Clarity is added not only by identifying several factors, including 

educational factors that must be considered in choosing amongst alternatives, but 

also by dividing the seven ACTIONS factors into inputs and outputs. For each 

program alternative, the inputs are the alternative’s estimated financial cost, the 

organizational changes and difficulties it implies and the time required to 

implement the alternative. The four outputs include three strictly educational 

outcomes that the alternative can be expected to result in: Access is a measure of 

how well the program alternative is accessible to the identified learners and how 

flexible it is. The teaching and learning implications factor measures how well the 

alternative fulfills the learning needs of the target population. Interactivity and 

user-friendliness measures the alternative’s usability and how well it enables 

communication amongst learners and between learners and instructors. In addition 

to these three educational outcomes, a fourth output of the framework is Novelty, 

which measures not only the newness of the alternative’s technology, but perhaps 

more importantly, how well the provides benefits to the institution itself. 

The choice of a scale to yield a qualitative measure of each of the factors 

depends on how fine a measurement is desired. A scale of 1 to 3 for an input factor 

might be defined as indicating evaluations ranging from good to satisfactory to 

poor, while indicating the reverse for an output factor. A scale of 1 to 5 might 

indicate excellent, good, fair, satisfactory, and poor for inputs and the reverse for 

outputs. Whether a coarser or finer scale is used may depend on how fine users feel 

they can distinguish alternatives in regard to the various factors.  

Clearly, substantial effort must go into determining what can be expected 

from various alternative blended learning programs for each factor. However, once 

that work is done, use of the combined ACTIONS and DEA decision method may 

help bring clarity to the issue of how to compare the findings for each factor in 

order to select the most efficient alternative. 
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6. CONCLUSION  

In this paper, we addressed the problem of selecting the most 

appropriate blended learning designs out of several alternatives and proposed a 

methodology based on the model ACTIONS and Data Envelopment Analysis. 

The methodology yields an overall performance index for each design which 

can be useful to designers and decision makers on the part of the institution to 

discriminate the most efficient designs among the alternatives, i.e. those that can 

be further considered for implementation. 
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