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Abstract
Traditional universities use ICT to improve their education. This use is often accompanied by more components. How to make study materials suitable for self study is an important issue. In electronic and printed learning environments of lot of support is build in for this purpose. Think of advance organisers, questions with feedback, examples and exercises. In electronic learning environments more support can be implemented in a flexible and interactive way. But do students really use these embedded support devices (esds)? How do they appreciate them? Does instructional material with esds lead to better study results? In other words: do esds really fulfil the high expectancies of course developers? In varying contexts different research methods were used ranging from questionnaires to eye movement registrations. In this article the intention is not to give a detailed research description but to present a helicopter view on these investigations and the results. Most researches were conducted at the Open Universiteit of the Netherlands (HYPERLINK TO: http://www.ouh.nl/info-alg-english/). The main conclusion is that esds are used at a deep level by most students, are highly appreciated and that the use of esds leads to better study results. The optimal adaptation of esds to individual student characteristics remains one of the main issues to be resolved. 
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Introduction
Self-study is becoming increasingly important, and it is a form of education which has many advantages, such as the freedom that students have to study where and when they want, the growing emphasis on educational-economic arguments and a new perspective on education in which the focus has shifted to the learner. Another crucial aspect is the rise of information and communications technology (ict). Affordable, powerful computers, the increasing standardisation of platforms and the rise of Internet are all highly important factors which are changing society and which require a different approach to education. Distance-teaching universities have traditionally embraced this type of ict because it helps solving some of the specific problems inherent to distance education.

Alongside its advantages, distance education obviously has disadvantages as well. Important ones are the relative lack of support, guidance and interactivity, the fact that course material is often static and is not tailored to meet the needs of the users, and the lack of interim adjustments to take account of what students actually do. Such problems may express themselves in the form of students’ falling behind in their studies or dropping out. Distance education attempts to solve these problems by making use of embedded support devices (esds) in (written and electronic) course material. These devices consist of a whole spectrum of additions such as:

· examples (e.g. ‘The economic theory on the stock exchange stated above, can be illustrated  by a description of black Monday, which was a…’)

· questions with feedback

· margin texts

· other changes in the lay out (such as bold or underlined text) to emphasise certain concepts

· prior knowledge assessment

· indication of learning goals

· study tips (e.g.: ‘Write down the most important points raised in the summary’), 

· advance organisers (e.g. ‘Your next task will be to explore the theory mentioned above’), 

· exercises 

In electronic learning environments more possibilities become available, such as:

· animation

· simulations

· hypertext

· direct links (e.g. OLE) to other applications such as the statistical package SPSS© in a statistics course 

All these devices are in fact an attempt to replace the teacher at the front of the classroom. Two examples of printed and electronic esds are presented below. 



figure 1 Page with ESDs from an OUN course


In an electronic version these esds may look like the one (in Dutch) under ‘voorbeeld’ in figure 2.



figure 2  ESD in an electronic learning environment

Much of this research was done in the 70s and 80s in investigations that were primarily aimed at reading comprehension. A large quantity of literature and some reviews (MontagueXE "Montague" & KnirkXE "Knirk", 1993) evidence positive effects of making use of esds in study texts. Many esds seem to have to do something with the coherence in a text, making explicit the -hidden- relations in a discourse (e.g., MandlerXE "Mandler", & JohnsonXE "Johnson", 1977; LorchXE "Lorch" & Lorch, 1985). Many educationalists recommended the use of esds in self study materials (RowntreeXE "Rowntree", 1990; Van der LindenXE "van der Linden", SchlusmansXE "Schlusmans" & Van den BoomXE "van den Boom", 1987; Van den BrinkXE "van den Brink", KirschnerXE "Kirschner" & SchlusmansXE "Schlusmans", 1990; PutterXE "Putter" & MarnewickXE "Marnewick", 1997; GonzalesXE "Gonzales", 1997. 

Much as these esds are used, however, very little is known about how they actually function and what their effects are. In distance education, it is naturally the students themselves who decide whether or not they are going to use esds, and it is uncertain whether they actually do (NaiduXE "Naidu" and BernardXE "Bernard", 1992). Much of the existing research is based on relatively isolated esds (MooreXE "Moore", 1995), often not in a specific self-study context (MarlandXE "Marland" & PatchingXE "Patching", 1992; WadeXE "Wade" & TrathenXE "Trathen", 1989). Also, individual differences between students must be taken into account. A device that works for one student may simply be wrong for another. This is the main issue that is depicted in our theoretical model. In figure 3 our theoretical model is representedXE "theoretical model". This model (Martens & Valcke, 1995) pictures the interaction between variables and processes:

· The central variable is constituted by the learning materials themselves consisting of basic content enhanced with esds.

· The materials have been developed to influence cognitive aptitudes such as the learning process.

· Moreover, since the learning materials are text-based, also the cognitive aptitude ‘reading comprehension’ is influenced. The reading process is expected to interact with the learning process.

· Noncognitive aptitudes, such as motivation and attitudes are expected to interact.

· Variables in the individual learner, such as prior knowledge, reading comprehension level, educational level, et cetera, are expected to influence directly or indirectly the learning process.

· The specific delivery mode of the learning materials (ILE or PLE) determines the task environment.

· The model is not designed to be rejected or not. It should be seen as a paradigm for research on distance learning from text. It links up with the research paradigm as described by MorganXE "Morgan" (1995) and MarlandXE "Marland" & PatchingXE "Patching" (1992) who put forward about the same key variables for distance learning but with more emphasis on the context (e.g., family life, work environment). The central assumption is that there are mediating process between ‘input’ (e.g., esds) and learning outcomes.




figure 3 a model for distance learning from text

So, esds play a vital role in distance education and are generously implemented in course material (HYPERLINK TO: http://www.ouh.nl/info-alg-english-education/courses.htm), for example that produced by the Open University of the Netherlands (OUN) (HYPERLINK TO: http://www.ouh.nl/info-alg-english/) (approximately 40% of the course material of the OUN consists of esds). So a lot of effort is put in the implementation of these esds, and they almost double the length of course materials. But there is still quite a bit of confusion about their use, functions and effects. Many publications have pointed out the need for further research (e.g., MarlandXE "Marland", PatchingXE "Patching", PuttXE "Putt" & Putt, 1990; LockwoodXE "Lockwood", 1995, a).

The considerations made above, lead to the main question: what are the functions and effects of esds, and do students use and appreciate them? Partially this question gas been adressed to in a dissertation (Martens, 1998, a) (HYPERLINK TO: http://www.ouh.nl/open/rma/). See also Martens (1998, b).

Research overview
In order to arrive at results which can be generalised, it would not do to select a single research method within a single educational context. Each research method has its specific advantages and disadvantages. Interviews, for example, may produce a wealth of information, but they require introspection from students about their own studying process. The validity and reliability of someone’s introspection about their own studying process may be debatable. Some methods generate a lot of information but also take a lot of time; others have precisely the reverse problem. One important difficulty is also that students in experimental contexts often do not behave the way they would in real-life contexts: studying to pass a class, with the final examination furnishing the guideline for their studies. In other words, in actual practice effects are sometimes hard to detect because students will compensate for poorer conditions by making a greater effort. There is a need to combine research in various educational contexts, using different methods and course material from a variety of domains (cf. Van den AkkerXE "Van den Akker", 1997; Van Merriënboer, 1997). This is in line with the concept of ‘triangulation’. MilesXE "Miles" & HubermanXE "Huberman" (1984): ‘Stripped to its basics, triangulation is supposed to support a finding by showing that independent measures of it agree with it or, at least, don’t contradict it.’ (p. 234). This approach originally comes from more qualitative research. With this research approach it is important that the several indices chosen are independent. 

All these researches have to be considered together, which has been done in detail in Martens (1998, a) (HYPERLINK TO: http://www.ouh.nl/open/rma/).

In the research projects which focus on esds in printed instructional material, use is made of interviews, recording of eye movement, measuring the effects of various course versions (with or without esds) and written questionnaires (Martens et al, 1996). This combination is intended to give a better understanding of how esds are used, how much they are appreciated by students, and the effects and functions which are ascribed to them. Because the research was carried out in different research contexts (distance-teaching universities and ‘conventional’ universities) and covers different subject domains, an attempt has been made to reach conclusions which are generally applicable. Briefly, these conclusions are that esds have a positive impact when added to course material. Students make frequent use of them, usually at a deep level (focusing on understanding). See for example table 1 for an overview of the use of esds, measured by means of interviews (n=25).

table 1 the use of esds  


 1
 2 
 3
 4 
 5

esds
% used by students
% surface use by students
% deep level use
used as meant 

(0-3)
appreciation

(0-3)

study guideline
100%





example
100%
28%
96%
2,92


scheme (1)
96%
25%
88%
2,44


question (2)
96%
6%
96%
2,83
2,83

introduction
92%
48%
91%
2,43


margin text
92%
4%
96%
2,79


reference to other learning units
88%
6%
92%
2,75


scheme (2)
88%
11%
83%
2,17


title
84%
22%
83%
2,68


task
84%
28%
77%
2,00


example correct answers (feedback)
84%
12%
79%
2,58
2,67

summary
84%
16%
80%
2,27
2,33

learning objective
80%
24%
65%
2,17
2,39

text paragraph
80%
0%
96%
2,68


pre-questionXE "pre-question"
80%
16%
81%
2,48


question (1)
80%
19%
90%
2,14


font types (italics)
80%
10%
76%
2,52


advance organiserXE "advance organiser"
80%
65%
70%
2,13


additional remark
76%
41%
67%
2,33


indications about prior knowledge
68%
37%
56%
2,13
2,65

small printed text
64%
47%
65%
2,30
1,82

content page
60%
25%
54%
1,73


facultative activity
28%
24%
30%
1,60


It also appears that students are appreciative of esds and that using them improves study outcomes, particularly when it comes to insight questions. Because the average use of such devices is high, however, it is difficult to explore the correlation with individual student characteristics. The high level of use seems also to indicate that esds do not really take account of differences between students, despite the great diversity of students at the  OUN, for example. Where differences between students have become evident, for example in their use of esds, these differences sometimes deviate from what the designers had intended. For example, students who have a great deal of prior knowledge make more use of esds than students who have little prior knowledge, contrary to what the designers had imagined. It is also striking that, although course material with esds is an average of 40% longer than non-esd course material, this does not increase the amount of studying time significantly. In figure 4 an example is shown from a registration of the eye movements of a student, studying a text (two pages) from a course with esds. The large rectangles are text parts containing esds or basic content. The object in the top right corner is a diagram. The black dots are fixation points and the lines are the saccades from one fixation to another. This figure shows that it is possible to detect how much use is being made of certain parts in a course. It is an illustration of the high level of use of esds.




figure 4 pattern of eye movementsXE "eye movements" during studying two pages of a law course
Another research project looks at an educational medium which, in addition to many other advantages, is above all capable of responding to individual differences between students: interactive learning environments. In such environments it is easier, both in technical and in practical terms, to take differences between students into account. For example, it is possible to draft problems which are tailored to specific students. This research (n=502) with experimental interactive learning environments was carried out at a mainstream university, with students studying for a conventional statistics examination. The setting meant that it was not possible to vary the actual contents of the course material (e.g. quantity or type of esd), as this could be to the disadvantage of some of the students. Instead, there was variation in the form in which the material was presented within the self-study conditions. The two forms used were written and electronic material. There was also material in which the layout of the basic text was distinguishable from that of the esds, and conditions in which the subject matter was simply presented as an uninterrupted text. A post-test revealed that there were no differences in terms of performance between the various conditions and between the experimental and the control conditions. The control condition was the ‘mainstream’, traditional lecture, which is supposed to be replaced by self-study for educational-economic reasons amongst others. The students’ own assessment about the consumability of the material was significantly more positive in the self-study conditions. There were also significant interaction effects. Students who made generous use of esds (measured in log files) in the electronic conditions earned significantly higher post-test scores when the esds were indistinguishable and vice versa. One such an interaction effect is depicted in figure 5.



figure 5 post test scores for discernability * use of esds

These interaction effects are an important indication of how electronic learning environments can serve to tailor esds to student characteristics measured on line (Martens, Valcke & Portier, 1997). 

In another investigation more information was gathered about the potential of esds. Study tutors at the Open University of the Netherlands (HYPERLINK TO: http://www.ouh.nl/info-alg-english/) are specialists in one or more content domains and support students at study centres all over the country. They have a thorough understanding of the problems which Open University students face. 104 of the Open University’s study tutors filled in a questionnaire with enquiries about the way they assist students, how they view using computers to support their work and what type of interactive esds they would like to see. The first analyses show that many study tutors are positive about these new forms of esds. Study tutors often develop extra instructional material for the students. For example, 17% add basic content; 69% add examples; 60% write extra questions with feedback and 59% write extra summaries. This is already a clear indication of the need to adapt instructional materials. 61% of the study tutors state that it is important to consider the differences between the students’ educational level when it comes to providing guidance. Some also mention: faculty, study intention and profession. 51% think that, of the most popular esds, students most appreciate extra examples. Of possible new interactive esds, the following are considered the most useful applications: tasks with interactive links to other programs such as SPSS (36%); extra esds (39%); network connections to study centres (62%); search engines (51%) animation and graphs (27%); other options (11%). All in all, study tutors seem to support the idea of offering extra, flexible and interactive esds to students, tailored to specific student variables.

MartensXE "Martens" and PortierXE "Portier" (1996) investigated the need for new, dynamic interactive esds by having students work with prototypes of an electronic learning environment and by questioning which new esds they would like to see. Students do seem to support the idea of developing new interactive esds and of adapting esds to individual characteristics. These new esds are now being developed.

Electronic learning environments make it possible to tailor esds to specific student aptitudes, for instance prior knowledge, future/current profession or study orientation. A study has questioned whether students really need this increased level of flexible adaptation. The results of a questionnaire distributed among 2000 students show that students generally do not find it a problem that esds and/or the basic course content are not tailored to their personal characteristics. It was concluded that electronic learning environments should not only aim to solve the problems inherent to conventional printed learning materials due to their inability to adapt flexibly, but should also aim to develop new opportunities such as animation and simulation, called dynamic esds (MartensXE "Martens", PoelmansXE "Poelmans" & ValckeXE "Valcke", 1997).
The investigations described above only studied the effects of esds when used in combination. The literature study, however, reveals a type of esd which many authors feel is the most important of all for self-study: tests and problems with feedback. An effect study (n=1482) (Martens & Dochy, 1997) carried out at the  OUN looked at the effects of this specific support component. The experiment involved forwarding prior-knowledge tests (one per course) or progress tests (three per course) to regular students enrolled in four different  OUN courses. The students were allowed to complete the tests at home and return them. An computerised procedure then sent them feedback on their outcomes, along with studying instructions. A control group was only given a written questionnaire with questions about their studying process. It was discovered that the experimental and control groups did not differ much in terms of performance, pace of study and studying process. In other words, the effects on studying behaviour and student motivation of a single, isolated form of esd is limited. Students made frequent use of the esd (voluntarily) and were highly appreciative of it. The progress tests were given higher marks than the prior-knowledge tests.

Conclusions and discussion
Many researchers gave argued for more research (e.g., LowyckXE "Lowyck" & SimonsXE "Simons", 1991; MarlandXE "Marland", PatchingXE "Patching", PuttXE "Putt" & Putt, 1990; LockwoodXE "Lockwood", 1995, b), while others have doubts about research in this field (e.g., MooreXE "Moore", 1995; LockwoodXE "Lockwood", 1992; MarlandXE "Marland" & PatchingXE "Patching", 1992) or have concluded that esds do not have the intended effects (VermuntXE "Vermunt", 1991; MarlandXE "Marland" & PatchingXE "Patching", 1992). Others on the other hand recommended the use of esds.

Looking at the studies that were described above as a whole, it appears that they are quite well in line and the conclusion is that esds make an important contribution to self-study, and in that sense are an important form of support in this type of education, as they generally have a demonstrably positive effect on study outcomes and are given a positive score by students. Students do use esds frequently, usually at a deep level. On the grounds of these results, recommendations can be made. The most important is to use and instruct students to use esds. Esds should incorporate individual differences between students. For this purpose the Mercator( package was designed. Detailed information can be found on (HYPERLINK TO: http://mercatoruser.spc.nl/englishIndex.asp?page=englishMain   AND TO: http://www.ouh.nl/open/mva/mercatoren.htm) , designed for the production and delivery of flexible electronic course material can be very useful (Valcke & Martens, 1997). Student experiences with this approach are also positive (Martens, ValckeXE "Valcke", PortierXE "Portier", WegesXE "Weges" & PoelmansXE "Poelmans", 1997). A detailed description of Mercator is beyond the scope of this text. A screen dump is depicted in figure 6.



figure 6 screen display in MercatorXE "Mercator" 3.0

It is important to notice that in Mercator (HYPERLINK TO: http://mercatoruser.spc.nl/englishIndex.asp?page=englishMain   AND TO: http://www.ouh.nl/open/mva/mercatoren.htm) in multiple ways results of the investigations described here are incorporated:

The distinction between esds and basic content proved to manageable in practice. Also the important role of esds is reflected in the design of Mercator.

Mercator offers the opportunity of ‘personalising’ esds, which is in line with the research results described in this article.

Mercator supports multiple delivery modes, and distinctions between delivery of esds and basic content, which is in line with the interaction effects described above. 

In general, the increasing availability of ict in (higher) education has generated a significant move in distance as well as in ‘conventional’ higher education (these two resemble increasingly) towards powerful and realistic esds and towards a more profound integration of teaching and assessment. The demand for guidelines and instructions on how best to tailor flexible course material and esds in particular to student characteristics, will increase.

This is in a line with a general trend in higher education (Valcke & Martens, 1998), There is a clear development in distance education, which is referred to by some authors as ‘third generation distance education’. Key characteristics of this new approach are: demand driven, flexible, multi-media and network-based, competency-oriented, integrated assessment approaches and collaborative learning. This new approach was predicted by authors, such as e.g., Bates (1995) when he described the emergence of  'electronic universities'.
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