A Particular aspect of cost analysis in Distance education: time

Authors - Massimo Loi, University of Padua (Italy), G. Bruno Ronsivalle, Didagroup SpA (Italy)

Introduction

Cost analysis of educational and lifelong learning programs is a recent research interest when compared to other types of program evaluation. Economists developed the concepts of “cost-effectiveness and cost-benefit” in the 1930s and 1950s respectively, but it was not until the 1960s that this new approach was used to access efficiency in the educational sector (Levin, 1991). Nevertheless, researchers were interested in the theoretical perspective of cost analysis, and not in its real application. At least three factors have complicated the application of this tool in education: (1) difficulties associated with the conceptualization and application of cost and effects, (2) issues associated with the identification and justification of the distribution of costs and effect across stakeholder groups, and (3) factors that have limited the generalization of the conducted studies (Rice, 1997). 

The goal of this paper is to stress a particular aspect of cost-effectiveness analysis in distance education: time. The starting point of our reasoning is a critique the classic media equivalence hypothesis that leads us to consider time and its dimensions as a peculiar component of the cost-effectiveness index. Following this intuition, we break down the cost-effectiveness index in two parts in order to obtain a “time-effectiveness index”. In the final part of the paper, this index is theoretically analysed using a microeconomic approach. 

1 - The media equivalence hypothesis

Much of the research regarding distance education compares distance education to traditional, face-to-face instruction. Reviews of the literature support the often-quoted work by Russell (1999), The No Significant Difference Phenomenon, which compiles 355 sources dating back to 1928 that do not find a significant difference between distance and classroom-based education. This finding of “no significant difference”  is also in keeping with earlier works by Schramm (1977) and Clark (1983). Schramm states, “Learning seems to be affected more by what is delivered than by the delivery medium”. This hypothesis in Clark’s strong version is often referred to as media equivalency hypothesis: “The best current evidence is that media are mere vehicles that deliver instruction but do not influence student achievement any more than the truck that delivers our groceries causes changes in our nutrition. Basically, the choice of vehicle might influence the cost or extent of distributing instruction, but only the content of the vehicle can influence achievement”. In fact, researchers have had difficulty demonstrating consistent relationships between levels of resources generally, and presumably what those resources might purchase, and student learning” (Clark, 1983).

2 - Cost-effectiveness analysis: a necessity

Supporters of Clark’s media equivalency hypothesis, and Clark himself, do not observe that the choice of a particular vehicle influences the achievement time. In fact, two different types of courses, having the same effectiveness, could require a different investment in time to the learners and, obviously, the alternative which is less time-consuming  is the more attractive. Therefore, in comparing two or more educational technologies, it is sufficient to consider the aspects related to the outcomes, the achievement, and also those aspects related to input, as the learning time or all the other aspects affecting the intervention costs. 

Cost effectiveness is the most suitable tool for this research since cost-effectiveness analysis provides the means of estimating the cost of two or more educational alternatives, as well as the effectiveness of each alternative in producing a common outcome.
2.1 The effectiveness aspect

A correct use of this tool requires that the alternatives being considered have common didactic objectives so that their results can be readily compared. According to Mager, didactic objectives are statements that describe what the learner is expected to achieve through of instruction (Mager, 1975). This definition relies on the fact that knowledge is an unobservable characteristic and, consequently, the user’s knowledge would be estimable only by observing behaviours, such as the answers given to a multi-choice questionnaire or the interactions during a complex simulation (Bee, 2003).

In the perspective of a cost-effectiveness analysis that is oriented to evaluate meaningful learning (Novak, 1998), the assumption of Mager Theory is however non-exhaustive. The concept of “learning” implies the evolution of a system of knowledge in a temporal interval and it presupposes the possibility to measure and verify such evolution.

Therefore, if the observation of behaviour can be a probable projection of a particular mind state, then it is necessary that it is accompanied by a set of further control mechanism (Cohen at al., 2000). In particular, verification consists of the observation of behaviours directly or indirectly connected to the preceeding behaviours, in accordance with a diagram of relationships that increases probability of the correspondence among the observed behaviour and a specific mind state.

Therefore, an evaluation of the learning requires an emphasis in terms of instructional design and a new definition of the relationship among behaviours and systems of knowledge. From a holistic point of view (Quine, 1969), it is not possible to observe a single behaviour but a system of behaviours. To every system corresponds a structure of knowledge, a mental model, in accordance with the MMT (Mental Models Theory) by Johnson-Laird (1983). The integration of the MMT and the Mager method requires a translation of the systems of information in analytical diagrams (“trees of didactic objectives”), with indications about the level of complexity of the aggregates.

One of the advantages connected to the adoption of this method of instructional design consists of the possibility to rigorously produce assessment tools in an isomorphic relationship with the didactic objectives systems. This approach supports the control and the verification of the conditions of validity and reliability in the tests and in the network of the whole system of learning evaluation.

The further advantage of this method consists of a formulation of the systems of knowledge which conform to the e-learning standards (IMS, HR-XML, OWL). Apart from the various kind of observations -  highly structured, naturalistic, semi-structured, unstructured (Cohen et al., 2000) - it guarantees the possibility of directly or indirectly monitoring the process by the most recent generation of LMSs.

2.2 The cost aspect

Cost also needs to be measured in a uniform way, relying on the ingredients or resource method (Levin & McEwan, 2001). The ingredients method is based on the fact that every intervention uses ingredients that have a value or cost. If specific ingredients can be identified and their costs can be ascertained, then we can estimate the total costs of the intervention as well as the cost of effectiveness per unit (Levin & McEwan, 2001). Using this information, it is easily determinable which alternative yields the highest educational effectiveness for a given cost or the lowest cost for any given level of educational effectiveness (Levin, 2002). Cost-effectiveness analysis is fundamentally a comparative tool: it allows us to choose which of two or more alternatives are relatively more cost-effective, but it does not tell us which the best alternative is in an absolute sense (Levin, 2002).

To compute the cost-effectiveness index (CEI) for a particular educational offer it is necessary to divide its total cost (C) by its effectiveness (E):
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where

T = total learning time required to obtain the effectiveness E;

mv = monetary value of each unit of learning time;
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We call time-effectiveness index (TEI) the ratio 
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. This index can be interpreted as the learning time required to obtain a single unit of effectiveness.

3. Learning time 

The calculus of TEI, time-effectiveness index, of a course is based on the possibility to measure the effects of the didactic intervention in relationship to the temporal dimension. In particular, it has to be possible to compare the expected time of learning (
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) with the real amount of time the student takes to complete assigned behavioural and didactic objectives.

Such relationship is strategic to define the effectiveness of a didactic intervention. In the distance learning market the temporal variable constitutes a fundamental element for the quotation of the trends and it plays a fundamental role in the scheduling and in the management of the variables of an educational project. On the basis of the number of involved consumers, this variable is able to represent a critical element for a company that decides to invest in the training of its employers during the working hours; especially in the cases of a remarkable difference between planned learning time and real learning time, the amount of time the student takes to achieve the expected outputs (appraisable only with hindsight). The capacity to schedule and quantify the probability (ex ante and in itinere) that it verifies a removal between expected time and real time constitutes an element of strength in the planning and layout of courses characterized by an elevated level of complexity. The definition of a range of fluctuations is in fact able to support the integration of corrective resources and activity during the process and allow a more analytical definition of risk level.
The definition of the real time of learning relating to a distance course does not constitute a problem. The really necessary element is an analysis of the course complation rates and of the activity of the students in the time interval examined. Naturally, the reliability of this data is consistent with the possibility to verify the link with the objectives. The evaluation of the course completion is not enough. In fact the consumer would be able to spend too much time without getting any output. It is more useful to calculate the real time in a controlled fruition system, where all the units of theory have to be in relationship with tests of verification by a system of correspondences that allows the student progress to be verified and of the whole student group in terms of learning.
The matter of the calculus of the value of the expected time of learning remains open. In our method, the expected time of learning is conditioned  (a) by quantity of information to visualize and memorize - the variable of the  semantic density -, and (b) by complexity level of the relationships between the concepts - with reference to the Bloom taxonomy (Bloom, 1972) and to the pattern of ‘expanded’ skill-cycle (Romiszowski, 1999). 
In accordance with this model, every didactic objective may be represented as a bidimensional vector, whose component is the semantic density (SD) and the complexity level  (CL). The integration of these variables (the normalization of the vector) determines the absolute weight (W) of that system of information (s):
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This output, W(s), does not take account of the characteristics of the students and it refers essentially to the single system of knowledge linked with a specific didactic objective. two further steps will be necessary to formulate a reliable forecast about the time of learning relating to s: (a) the definition of a multidimensional vector that add-in the variables that characterize the student group, the so called “learning resistance” (R); (b) the composition of W(s) with R:
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4 – The time-effectiveness index

For simplicity, we consider a market composed of two firms: the first (D) demands an on-line course in order to increase a particular knowledge in a group of n employees; the second is the seller (S) of the on-line course. The seller assures the buyer that the course takes a time 
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 to obtain a targeted level of didactic effectiveness. The effectiveness can be measured using a value added approach. The basic idea of this method is that education and training should be judged according to the change in their students’ performance during their time in instruction. This is obtained comparing by students’ finals scores with their results in a pre-test taken before they attended the course. Value added indicators measure the difference in performance between the pre and final test. Cowan (1985) suggested this particular application of the added value approach:
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where
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=course effectiveness for the jth learner;

MAX = maximum score achievable in the final test;
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Using Cowan’s index, for the jth user, the effectiveness of an educational offer is the ratio between the change in his/her performance, the numerator, and his/her knowledge needs before attending the course, the denominator.

Given this information, the buyer will acquire the course considering the following expected time-effectiveness index:
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However, normally, at the end of the on line course, only a percentage p of the n learners reaches the targeted effectiveness in the time 
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; the remaining learners need extra time to reach the same objective. We suppose that the extra time (k) is a constant:
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The average learning time is than:
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in addition, the time-effectiveness index after the course is:
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By comparing the [3] and the [6] it follows that the total extra time invested by the buyer to create (or increase) a particular knowledge in a group of n employees is:
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which depends on the percentage p:
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What do these formulas mean? It simply means that there is a direct relationship between p and the quality of the target analysis activity made by the seller: high levels of p indicate a high quality of the target analysis activity; vice versa, low levels of p indicate a low quality of the target analysis activity. The connection between these two aspects could justify a flexible agreement between the seller and the buyer of an on-line course that is an agreement relating the price paid for the course to the probability (the percentage p) to obtain a previously established learning outcome in the time 
[image: image21.wmf]t

.

How can the seller foresee the percentage p? It is clear that the quality of the target analysis is related to the amount of money invested in this activity (
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) and consequently:
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It is also quite clear the shape of this relation:
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that is the percentage p increase when 
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 increase, but a decreasing rate. This particular functional form can be by a Cobb Douglass like this:
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The logarithmic transformation of [12] gives us a simple linear model to estimate econometrically the parameters 
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Using this model the seller can estimate the parameters 
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 and 
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 delivering an on line course to experimental groups with a similar learning resistance, and using the estimated parameters to predict p when the course is delivered to one or more users with the same characteristics (learning resistance) of the control groups.
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