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Abstract

The aim of this study is to illustrate how a theory-anchored evaluation research approach can contribute to the design and evaluation efforts of CSCL courses in higher education by applying it to a course in Bioinformatics. Our educational research assignment is connected to the projects within the Wallenberg Global Learning Network (WGLN). 

Bioinformatics is a new interdisciplinary research area at the interface of biology, medicine, mathematics and computer science in which students are facing an ever-increasing mass of complex information that is updated or replaced at a rapid rate. The main idea of the Bioinformatics project is reciprocal evaluation based collaborative teaching and learning. As a complement to “real” teachers a “virtual" teacher was jointly created by biologists, mathematicians and computer scientists and the learning condition was further improved by letting the students participate actively and giving them opportunities to redesign the "virtual" teacher and the course material. 

We believe that the concept of using theory-anchored evaluation approach in a highly dynamic and integrative web-based learning environment jointly assembled and evaluated by students and teachers is likely to show its versatility in many interdisciplinary and rapidly expanding fields in the near future. 
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Introduction - the educational research context

Our educational research assignments are associated to the projects within Wallenberg Global Learning Network (WGLN
), Stanford University, encompassing Stanford Learning Lab (SLL), Swedish Learning Lab (SweLL)
 and the Learning Lab Lower Saxony (L3S).
 The evaluation work within WGLN is intended to gain results that can be generalized in order improve teaching and learning in new contexts. To achieve this there is a need for methodological development in educational evaluation. In an attempt to meet this need Strömdahl & Langerth-Zetterman (to appear) have proposed a theory-anchored framework for innovative evaluation of ICT supported educational settings. It is a further development and combination of the US (cf. Chen, 1990; Fitz-Gibbon & Morris, 1975, 1996; Weiss 1972) and Swedish perspectives (cf. Franke-Wikberg & Lundgren, 1980; Lundgren, 1972) in theory-based evaluation. 

Aims

The aim of this study is to use a course in Bioinformatics at Uppsala University
 to show the possibilities in how the theory-anchored evaluation research framework can be used and contributes in the design and evaluation efforts in a CSCL intense course. 

Theory-anchored evaluation research

In the theory anchored evaluation research approach (Figure 1) the defining of the evaluand (the phenomena/object to be evaluated) and modelling of an evaluand model (a theoretical model of the evaluand) are central issues. Our rationale is to start from a position in which the actors’ conceptions of the curricular aims and goal are made explicit, coupled with the educational researcher’s empirical and theoretical perspectives ([a] and [b] in Figure 1).

The evaluand model is supposed to develop in a negotiation process between the actors’ and the evaluation researchers ([1]…[4] in Figure 1). The actors’ underlying ideas and planning of the suggested experiment ([a] in Figure 1) and the evaluation researchers’ familiarity of relevant theoretical knowledge related to the suggested experiment contributes to the formulation of the evaluand model ([d] in Figure 1).

We denote the concept of actors e.g. faculty, teachers, disciplinary researchers, curriculum designers and teachers assistants i.e. those persons who are actively involved in planning and/or realization of the course, experiment or intervention. Hence, we denote the use of stakeholders to exemplify anyone that might have an interest or claim (whether stated or implied) and a potential of being impacted by or having an impact on a given project/experiment and its objectives, e.g. students, university boards, donors, policy makers etc.
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Figure 1: Theory-anchored evaluation research. 
Thus, the evaluand model will be a tool to turn the suggested evaluand ([a] in Figure 1) into the evaluand in the running experiment ([c] in Figure 1). The evaluand model is also used as an analysing instrument of gathered data by its theoretical content. By involving the actors’ “the ownership” of the study is shared between them and the educational researcher(s) accounting for explicit knowledge interests. This avoids the common experience of indifference among the actors to the outcome of the evaluation studies ([e] in Figure 1). On the contrary, in this approach the negotiation and evaluation process will be an integral part of the development of the subject matter content course. Weiss (1972) is reasoning in a similar way about her model in her theory-based approach to evaluation. 
The mere construction of such a model can be a useful exercise for program developers. Some of the assumptions that are implicit in the program are made explicit, and naive and simplistic expectations are subject to scrutiny. […] The evaluation model can be a learning tool long before the evaluation begins, if program people will use it as such. A model is not the only way to go about the delineation of necessary measures, but it is one way to clarify and systematize the factors that are worth examining. (Weiss, 1972; reprinted 1996, p 174)

Bioinformatics – a challenge in cross disciplinary training contexts

Bioinformatics is one example of a new scientific discipline at the interface of biology, medicine, mathematics and computer science. Bioinformatics is concerned with the gathering, analysis, and exploitation of data. Biological data is not only generated in overwhelming amounts today, it is also of a widely disparate nature. The development of methods to integrate and exploit the various data sources requires competence in computer and information science. The scientific knowledge, however, is biological in nature and a basic understanding and appreciation of biology and biomedicine is crucial for any integration methods to become successful. 

The challenge when teaching Bioinformatics and other interdisciplinary subjects is to find ways of integrating, correlating and unifying these disparate sources of data, and to provide the biomedical student (who is usually not an expert in mathematics and informatics) with the competence to understand the algorithms incorporated in these methods and how to use the associated software. Vice versa, it is necessary to provide the informatics student (who is usually not an expert in biomedicine) with the competence to understand the biomedical nature of the questions that are being posed. 

Another challenge concerns the rapidly increasing volume of scientific results that become available and the ease by which this information is disseminated over the World Wide Web. This means that the students are faced with an ever-increasing mass of information to digest, at the same time as this information is rapidly updated or even replaced. Thus, one specific problem in this field is that course books normally do not exist and even if they do, they soon become out of date. Progress in Bioinformatics education will be critically dependent on the organizers and teachers ability to identify and exploit appropriate developments in the field and teach them in a way that is understandable for both biomedical and informatics students. 

Dahllöf et.al. (1991) and Laurillard (1993) clarifies some necessary preconditions for teaching and learning in higher education (i) an in-depth understanding of basic concepts, (ii) a knowledge base in the given field both in terms of what is known and of what is not known or not yet investigated and (iii) the ability to communicate relevant content to students and to peers in the same field or to professionals in other fields is crucial. Thus, the ideal teacher in Bioinformatics should be well versed in computer and information science, and simultaneously have an in-depth understanding of the biological and medical sciences. Such a versatile, ideal teacher is almost non-existent but a “virtual” teacher may be created as a complement to “real” teachers by combining the expertise of biologists, mathematicians and computer scientists with the help of CSCL environments. 

The above outlined ideas are the basis of the suggested experiment ([a] in Figure 1).

An articulation of the educational setting and formulation of an evaluand model 

The above outlined learning situation is likely to become a rule rather than an exception in most disciplines in the near future. Therefore, there is a need to evaluate different aspects of student learning in complex and highly dynamic information environments. Below we depict the results of the modelling and negotiation process ([1]…[4] in Figure 2) in the present experiment in Bioinformatics. 
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Figure 2: The result of modeling the evaluand and the evaluand model in Bioinformatics.

An evaluand model for the Bioinformatics course 

The current model consists of two main ideas (Figure 2) identified during the negotiation between the actors’ and the evaluation researchers. 

i. Combining the expertise of biologists, mathematicians and computer scientists with the help of computer-supported learning environments creates a “virtual, ideal teacher”.

ii. A foundational idea is that the conditions for learning in rapidly developing, cross-disciplinary environments will be enhanced by letting the students play an active role in examining the effectiveness of the available teaching resources and by redesigning these resources based on their articulated needs and concerns. 

Further, the evaluand model includes the following components: 

The actors’ in collaboration with the evaluation researchers has agreed on innovative online formative student’s evaluations in the current course to support students’ development of meta-learning and self-reflection. The knowledge growth is built on active student participation and their conceptions of difficulties in content subject matter. Thus, teachers and students collaboratively and iteratively develop subject content, flexible curricula and pedagogical methods.

From the educational researchers theoretical perspective the notion of responsibility via participation thus becomes a key aspect of learning and knowledge development. In the perspective of social constructivism learning is emphasized as a collective process in which knowledge and understanding develops through the interaction among participants rather than individually (Lave & Wanger, 1991). Consequently, learning is seen as a capability for increased participation in communally experienced situations and as a dual affair of constructing knowledge and understanding (collaborative learning). In this theoretical realm, education could be seen as a collaborative process aiming for collectively and personally construct knowledge. 

Social tools such as the daily on-line formative evaluation used in this study provides scaffolding for learning and vehicles for transporting and accumulating (cultural) knowledge among groups and disciplines. Educational processes in its most elementary form can be seen as communication between teachers, students and content. While communication between students and content or instructional material plays an important role in ensuring access to relevant content/information it does not in itself provide clarification of the discourse beyond the prescribed content. This could be accomplished by two-way communication and feedback in which the teacher provides opportunities for mutual influence and understanding (Rowntree, 1975). 

In educational terms, this role-alternation would imply that students act not only simply as receivers and processors of teacher-messages but also as generators and senders of messages (about themselves, their ideas, their perceptions, their experiences) which the teacher values and allows to change his/her personal perspective on the student, the subject under discussion, his/her own feelings or some other feature of the situation. (ibid. p. 285) 

Out of these ideas, the running experiment ([c] in Figure 2) is to use a highly integrative, dynamic and web-based infrastructure combined with a reciprocal, evaluation-based teaching model for training in cross-disciplinary contexts. 
The running experiment - setting up dynamic infrastructures for cross disciplinary training

The above outlined teaching and learning ideas require an infrastructure that is flexible enough to constantly change, grow and incorporate new facts and new information. The worldwide web provides an ideal basis for such a flexible infrastructure. Here, we use the term flexible fact (Figure 3) to refer to the basic unit of this infrastructure. A flexible fact is either a piece of fact or the definition of a problem, which contains information sufficient for one or a few web pages. The next level in this hierarchy is the module (Figure 3), which combines flexible facts in such a way that a virtual, cross-disciplinary environment is created. 

In the context of Bioinformatics, a module may be constructed from three different types of flexible facts: Biological Background – Advanced Algorithms – Sophisticated Software. The biological background represents the source of motivation and should provide the students with information about the relevance of the module. It can preferably contain animations and interactive web-based tools. It should also present a problem that has to be solved by the students. To solve this problem the students will need basic knowledge of algorithms and methods, which are provided in lectures and through a set of web pages (Figure 3, Flexible facts: advanced algorithms). The students will also need access to the tools and software, which are described and provided in a third set of web pages (Figure 3, Flexible facts: sophisticated software). The flexible facts can be designed by a variety of teachers (and by the students) and should be continuously updated, revised and expanded. 
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Figure 3: Using flexible facts in construction of a course-module in Bioinformatics.

The virtue of this environment is that new facts and modules constantly can be added to create an up-to-date educational environment that reflects the diversity of the individual areas involved in the subject. A library with all modules can finally be combined into an animated and interactive "web-book". Since the nature of this web-book and all the associated learning resources is subjected to constant change, it is particularly important that the web-book is regularly evaluated.

Intensive teaching and evaluation of dynamic infrastructures

The students in the course are the most important resource available for evaluating the function and relevance of any newly developed courses and course material. The evaluation conferred by the students is in this course used optimally to stimulate and enhance the students learning and to provide better resources for next year’s students.

The Bioinformatics course is structured in two parts. During the first six weeks, the students’ are given lectures on the theoretical contents of a module (typically 2 hours per day) followed by practical computer-based exercises in which the students they are supposed to solve a series of given problems (typically 3-6 hours per day) with the help of using the resources provided in the web-book. Before the start of the course, the students’ background experiences, expectations and concerns are being recorded. During the entire six weeks of training, the students make daily evaluations of the lectures as well as of the practical assignments provided in the web-book. This is ended by an exam in which the students’ theoretical and practical skills are being assessed. This course has been given at Uppsala University and will be compared to a similar course given at Karolinska Institutet
 within the Biomedical program. 

Reciprocal evaluation-based teaching and learning

The applied method of teaching and learning is reciprocal in the meaning that the teachers guide the students learning in response to their individual needs (teacher to student), and the students then guide the teachers in how to design a learning environment that full-fills these individual needs (student to teacher). Thus, the last two weeks are devoted to individual and group-based project works. One aim is to give the students a chance to penetrate areas that they had difficulty understanding during the intensive teaching period in close interaction with the teacher responsible for that area. Another aim is to let the students design new exercises and new teaching materials for the web-book that they think would better describe that particular topic. Here, the basic assumption is that a lack of understanding is related to the material presented rather than to the student or the teacher per se. This creates a non-threatening situation in which both students and teachers work towards the same goal, i.e. improving the structure and presentation of learning material with the aid of modern technology. One goal with the applied method is to create opportunities for students to improve subject content understanding another goal is to improve the learning environment for next year’s students. 

The projects will be defined using information obtained from the students’ formative evaluation and examination results in order to address issues related to educationally important factors. The factors will be categorized according to the factor of difficulty (FOD), the factor of relevance (FOR) and/or the

factor of fun (FOF). Students’ perform the project works in close collaboration with teachers responsible for the creation and revision of modules. A system administrator will also be available to provide technical support and assistance in web page construction. 

A similar approach was outlined by Brown & Palincsar (1989) in which they describes a reciprocal teaching and learning as an attempt to help students externalise and formulate their internal dialogues and critical thinking. In a social constructivist approach, (c.f. Lave & Wenger, 1991) the view of knowledge development is not merely seen as an individual internal process it is also about confirming knowledge and understanding through experience and application in a given context. This could be accomplished when learners interacts with others in a collaborative teaching-learning situation as described here. 

Data collected from the running experiment focusing the evaluand in view of the evaluand model

Data has been collected with two different knowledge interests ([c] & [d] in Figure 2). The actors´ aim was to collect and analyse data in the online student formative evaluation to use in the applied reciprocal teaching and learning method (course evaluation). The evaluation researchers aim is to collect data for analysis by interviewing the same students in order to examine in whether and in what way the applied teaching and learning approach have had an impact on student learning in terms of their abilities of (subject content) reflection and active responsibility for personal knowledge development (evaluation research results). Below some examples of data collected in the course evaluation.

A majority of the students are biologists by training, and therefore often have problems to understand mathematical formulations, which is expressed by one student as,

I had difficulties with all the equations in the module on DNA patterns and it would have been good with a better explanation of the different components in the formulas.

Based on this comment it is possible to compose guiding suggestions for the project work related to the factor of difficulty (FOD) such as: Define a new exercise on DNA patterns in which these equations are being used. Read once again about the formulas and integrate them with the new exercise. Design new web pages that describe the formulas in a way that are useful for students like you. 

Another example can be taken from a comment made by one of the other student’s,

… it would have been good if we had an explanation of the purpose with all the equations and to know if we are ever going to use them in real life …

A guiding suggestion related to this comment and the factor of relevance (FOR) is: Study the equations again and examine conditions such that you can design an exercise that illustrates the purpose of these equations in real life. Design new web pages for the web-book with the new exercise integrated with the equations and make a clear statement why the equations are relevant.
Similar ideas can be applied to the factor of fun (FOF).

Analysis of the evaluand in the perspective of the evaluand model

We suggest three main dimensions for innovative experiments: intentions, implementation and outcome(s). A comparison and an analysis between the intentions and outcomes provide one possible measure of the success of an innovation. In our proposed framework, the collected data in the evaluand will be analysed via the theoretical content of the evaluand model.

The daily on-line student formative evaluations provided continuous feedback to teachers and assistants and guided the students in their choice of project. The applied method also encouraged the students to reflect over what they had learned each day. Preliminary results from student interviews show that several students were more prone to reflect on their own efforts and learning in different situations related to subject content in the course than they would otherwise. 

An important experience from the experiment is that the improved teacher-student interaction encouraged students’ to express their self-reflection and increase their personal responsibility for their own learning resulting in creative and well-performed projects. One group of students chose to rewrite, in their perspective, a rather deficient course introduction and created a manual of common commands in UNIX
 to be used by other students. Another group constructed a new tutorial module in order to facilitate a deeper understanding of difficult formulas used in the course.
 

A third group did an in-depth investigation of newly developed software and databases and then incorporated these tools into the web-based learning environment. 

The benefits of the reciprocal teaching and learning method are several. First, the students get a chance to spend extra time on particularly difficult or badly explained parts of the course in close contact with the teachers and assistants responsible for those parts. Second, the teachers and assistants get immediate feedback on and improvement of their teaching material. Third, the students of the next year’s courses will be provided with material better adapted to their background knowledge, needs and manners of expression. 

Letting the students take real responsibility in curricular activities and subject content matters reverses the teacher - learner relationship in terms of students’ opportunities to “teach the teachers” how subject content and research results could be presented and used in an exciting and understandable manner. By integrating learning and formative evaluation in this way, several important teaching and learning goals could be achieved collaboratively and simultaneously.
Conclusion

Our aim was to use the theory-anchored approach by applying it to a course in Bioinformatics. Preliminary results show that this approach is beneficial for teachers (i.e. actors) and for the evaluation research interest. It is evident that the model is beneficial in the design phase of an experiment and thus useful in curriculum design since the knowledge gain can be generalized to similar contexts. 
According to preliminary results, several students have developed an enhanced ability of reflection of subject content and teaching and learning practices. By analysing the empirical data, we will be able to judge if the applied teaching and learning method did result in an enhanced ability to reflect and if the intentions really did match the outcomes. This analysis is however out of the scope of this paper and will be presented in forthcoming papers because the referred course in Bioinformatics has just been completed during the preparation of this paper.
Argyris (1976) draw attention to the differences of espoused theories (theories underlying practice) and theories-in-use (actual unexpressed theories) that guide practice in reality. These perspectives/theories are often different and therefore they do not match. In the proposed framework, the match between underlying ideas (espoused theories) and the practice (theories-in-use) could be made visible via the evaluand model (espoused theories) and the running experiment but also through the study of the evaluand (theories-in-use).

Even if outcomes closely match the intentions with an experiment and the project is counted successful, there may be assumptions behind the stated aims, often implicit and/or not stated. Our contribution, the theory-anchored evaluation framework, is to be as explicit as possible about different knowledge interests and the underlying ideas and assumptions. Hence, the evaluation tries to be transparent in design and realization. 
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Notes







� For further information see � HYPERLINK "http://www.wgln.org/" ��http://www.wgln.org�


� Swedish Learning Lab (SweLL) is an organized cooperation of the three Swedish universities: Royal Institute of Technology (KTH), Karolinska Institutet (KI) and Uppsala University (UU). See �HYPERLINK "http://swedishlearninglab.org/"��http://swedishlearninglab.org�


� A cooperation between departments at Universität Hannover, Universität, Braunschweig och Hochschule für Bildende Künste Braunschweig. See �HYPERLINK "http://www.learninglab.de/"��http://www.learninglab.de�


� Code: 1BL277, Bioinformatics MN1, 10 credits (ECTS credit 15). Thirteen students attended this particular course in Bioinformatics during Fall 2000. Almost the same teaching and learning method is applied in a distance course in Bioinformatics running during Fall 2000 with 100 registered students. For detailed information: � HYPERLINK "http://linnaeus.bmc.uu.se/course/bioinfo/" ��http://linnaeus.bmc.uu.se/course/bioinfo/�


� Bioinformatics 5 credits (elective within the Biomedical program at Karolinska Institutet; ECTS credits 7.5 credits). Twenty-four students attended this course during fall 2000, whereof three followed the course at distance. For detailed information, see � HYPERLINK "http://www.biomed.ki.se/kurser/bioinformatik/" ��http://www.biomed.ki.se/kurser/bioinformatik/�


� The lab sessions are based on activities in a UNIX supported environment. The interface and the underlying techniques in UNIX differ from PC/Mac and commonly steering the computer via text-based commands rather than a window environment. 


� View student projects at: � HYPERLINK "http://linnaeus.bmc.uu.se/course/bioinfo/schedule.html" ��http://linnaeus.bmc.uu.se/course/bioinfo/schedule.html�
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