
 1 

Value Creation Processeses in the Engineering Education 

Increasing the Transparency  

------------------------------------------------------------------------------------------------- 

Diana Chroneer, PhD 

Jeaneth Johansson, PhD 

Håkan Persson, PhD 

Luleå University of Technology 

Department of Business Administration and Business Development  

Email: Diana.Chroneer@ltu.se; Jeaneth.Johansson@ltu.se; Håkan.Perzon@ltu.se 

----------------------------------------------------------------------------------------------------------------- 

Abstract 

The paper adds to the discussion of developing the competences of engineers and its 

consequences on requirements for engineering education, i.e. the question on how can 

sustainable values be created in the education of businesslike engineers. Four context related 

aspects affecting the learning boundary for future engineers is identified. These are: students’ 

view of learning, lecturers’ views of learning, real-life examples, and manifestation of course 

content representation by practitioners. An important hinder for generative learning is that 

students are not realizing that efforts supporting generative learning are an investment in their 

future career both for the development of capabilities that gain generative learning in 

following courses, and outcomes that is demanded in industry. It is argued that real managers 

are more trustful when telling students, what efforts are necessary in order to gains the 

knowledge needed for making the most suitable answers on their questions of “what” and 

“how” 
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1. Generative learning in engineering education 

 “Eureka – I have found it,” Archimedes shouted out when he understood how to use 

displacement to measure the volume and density of a laurel wreath, after he was assigned by 

King Hieron to determine whether his laurel wreath was of solid gold. Imagining what should 

have happened if Archimedes had asked; “What shall I do, and how shall I do it?” - And 

whom should Archimedes have asked? – Probably not King Hieron. 
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It is about 2200 years since King Hieron gave Archimedes his assignment. Today when 

university lecturers give assignments to students, they very often ask two questions – “What 

shall I do?”, and “How shall I do it?” Those two questions can be discussed in terms of a 

learning taxonomy that defines the hierarchical nature of understanding. The questions “what” 

and “how” express a need of guiding and instructions according to how Biggs (1989) states 

the lower level of the SOLO taxonomy. Independent and self-monitoring are connected to 

higher order of learning, i.e. generative learning. Such learning is e.g. needed when generating 

new businesses, as well as new and better customer offerings (Normann & Ramirez 1993, 

Wikström & Norman, 1994). We interpret generative learning as appearing when analysing, 

reflecting and solving problems.  

 

During the last two decades Swedish universities has been forced to produce more education 

with less resource. The reasons may be several: costs have increased faster than revenue; 

increased competition among universities; increased turbulence among applicants choice 

between education, university or others activities, fewer qualified applicants (Perzon 1998). In 

May 2007 the Swedish National Agency for Higher Education has reported too low level of 

quality among more then 10 percent of Swedish university programs. It is here of interest to 

consider movements/change in the university teaching/learning systems into a situation with 

teaching/learning processes that not are qualified to produce academic degrees and that can be 

categorized by the lower levels in the SOLO-taxonomy. (Biggs 1989).  

 

Whiting and Williams (2004) argue for that “Educators and employers have repeated calls for 

developing graduates who are active, interdependent and independent learners” (See also 

Biggs, 1999). This can be connected to companies’ need of developing sustainable 

competitive advantage. De Geus (1988, p71) quoted in Stanley & Narver (1995) states that 

“The ability to learn faster than your competitors may be the only sustainable competitive 

advantage.” Similar thoughts influencing issues related to learning, value creation, innovation 

and competition have frequently been paraphrased by industry executives and academia 

(Wikström & Norman 1994; Polese & Monetta, 2006).  

 

It is indicated in industry that engineers’ competences have changed. This is an internationally 

recognised trend. From an educational perspective, those reflections are supported by James-

Gordon and Bal (2003) who state that, “With greater work demands placed on the engineer 

and less time to learn, a more self-directed learning approach is emerging.” Courses must 
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therefore be designed to support the development of competences supporting generative 

learning. The student must during his/her education, learn to become a professional engineer 

with the abilities to be creative and to develop and seek new solutions and ideas, which is to 

be flexible and adaptable in their profession. Slater & Narver (1995, p66) state that, “behavior 

change is the link between organizational learning and its ultimate objective, performance 

improvement”  

 

Based on our experiences as university lecturers, we argue for a tendency among students to 

continuously ask the questions of “What” and “How” for achieving high grades in 

assignments and in courses. We see this as an expression of an “organizational knowledge” 

that strengthens a fairly passive ingrained behavior. It is easier for the students if the lecturer 

provides detailed instructions for how to accomplish the assignment. Students’ demand of old 

assignments and solutions are additional examples of the passive behavior. There appear to be 

an “organizational memory“ (Lynch, Leo and Downing, 2006) on campus where this behavior 

is transformed between students and from one academic year to next. Jones (2007) focuses on 

how graduate skills are developed and what type of learning environment that is required. 

They cast doubt on the conventional evolutionary view of that organisms adapt to their 

environment and that the environment do not adopt to the organisms. Therefore, the purpose 

with this paper is to increase the transparency of the engineering education for developing 

businesslike capabilities needed for engineers in their forthcoming, respective  professions 

and careers. The purpose is achieved by (1) illustrating the process of course development, (2) 

discuss how generative learning can be achieved in a course by identifying learning 

boundaries. Future research areas are also highlighted. In sum the paper adds to the discussion 

of developing the competences of engineers and its consequences on requirements for 

engineering education, i.e. the question on how can sustainable values be created in the 

education of businesslike engineers.  

 

2. Method 

In order to achieve high order learning in engineering education it is essential to design 

courses that develop the necessary abilities for future professional situations. We base this 

paper on our experiences as lectures, while going through the process of designing a course 

with the aim to support the students learning to become an engineer with the abilities to be 

creative and to develop and seek new solutions and ideas. These abilities, which the students 

develop in the course, consist of: Understanding a company problem/problems; the causes and 
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effects of these problems, the analytic capability of understanding needed internal and 

external information (e.g. internal company information and external industry information); 

analyzing consequences of suggested solutions; forming, organizing and following up 

development processes with the aim to develop business economical problem solutions, 

making reports that include analyses and suggestions to problem solutions.  

 

The development of the course outline has been a continuous process during a period of four 

years. We have developed the course, tested it, and developed it further in dialog with 

students and in coherence with the abilities an engineer should have required after 

examination. The course itself was given once a year during a half semester. 

 

We use an abductive approach where we have developed and tested the course in a continuous 

process with the aim to support the students’ ability to develop and seek new ideas (Alvesson 

& Sköldberg, 1994). The research process has been an interaction of theoretical reflections 

and empirical work. Our framework of theoretical reflections is based on learning in 

education (Biggs, 1989; 2004, Sharp et al. 2003) and on organisational learning (Jones, 2007; 

Slater & Narver, 1995; Wikström & Norman 1994). Learning in education is often connected 

to general problems and not to individual customers’ needs while organisational learning 

often refer to specific problems based on customer needs. This paper contributes by using 

both frameworks – neglected in the literature of educational and learning in academia. By 

tradition, university education is focusing on individual learning. (Hurley, 2002) 

Our research started as an effect of our own reflection on student behaviour and their ongoing 

questioning about by themselves answering “how” related to the course development. 

 

2.1. The course and the course development 

The main purpose of the course has during its first four years has been the same, i.e. the 

students should integrate disciplines within Business Economics and practise their analytical 

ability in a case, i.e. prepare for future, professional, organisational learning situations 

(Hurley, 2002). In the first years we used a written case with some fictitious data. We also 

hade a few lectures where we presented and discussed some areas within Business 

Economics. Probably, that course design was affected by our own organizational memory. 

However, in discussions with students during the course and via course evaluations, we found 

that students experienced the written case too fictional and they found it difficult to use and 

find appropriate information that could be applied in the case. In analyzing the outcome of the 
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course, some students emphasized the lack of information as confusing. This evaluation led to 

a change of using the case in the course. We incorporated a company in our discussions of 

how to develop the required engineering abilities. In the beginning of the course, the company 

gave the students a short presentation of some company facts and a main frame of some 

possible problem areas, seen from the company’s point of view. However, the company was 

restricted not to reveal all their assumptions about the future in this specific industry. The 

students’ tasks were, in groups of five, to identify and describe a certain problem that 

integrated disciplines in Business Economics and to come up with some solutions. We as 

teachers, from three disciplines had more of a coaching role. Instead of lectures, we meet the 

students in groups where they should have prepared some questions which we discussed in 

relation to their specific problem area.  

 

3. Generative learning and generative processes 

After a university education, engineering students are supposed to act as professionals with 

businesslike capabilities, which is also supported by Ehab and Lashine (2003) and Jones 

(2007). However, we argue for a need to develop general skills that are not developed in 

individual courses but must be developed before graduation and the entering into the 

professional occupation. Jones (2007) discusses this in terms of eight general skills: 

communication, teamwork, problem solving, initiative and enterprise, planning and 

organizing self-management, learning, and technology. We argue for an additional general 

skill that is suggesting/answering “how” and “what” instead of asking “how” and “what”. 

According to Stanley & Narver (1995) which of those skills presented by Jones (2007) do you 

need to learn faster that finally generate sustainable competitive advantage or what are the 

obstacles for acquiring these skills? 

 

3.1. Generative learning 

In order to develop required capabilities, we argue that students must reach a higher level of 

learning through their education, i.e. generative learning. This is also stated by Sharp, 

Knowltown and Weiss (2005) who emphasise the importance of generative learning in 

business education. According to this view, an adaptive, lower level of learning often applied 

in traditional education is not enough. Therefore, the main focus in this paper is on how to 

develop a higher level of learning through identification and diminishing obstacles in the 

learning process (learning boundaries). However, both adaptive and generative learning are 

needed during this process (Murray, 2002).  
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Students rather than lecturers are in accordance to the generative learning perspective 

intended to take an active part in the pursuing of understanding the content of the course 

through assignments that provoke generative learning. (Based on Wittrock, 1974, 1990, 1992) 

and Wittrock and Alesandrini (1990). From our point of view, adaptive learning in the 

teaching/learning situation is when students ask “What” and “How” and get answers from the 

lecturer, thereby performing better by asking what and how.  

 

In this paper we focus on four categories of generative learning identified by Jonassen (1988) 

to be able to identify obstacles in the learning boundary for developing effective generative 

processes. Category 1 is known as “Recall” which focuses on memorisation and regurgitation 

of course content. This category may be connected to the adaptive lower level of learning 

where students learn from textbooks and lecturers. The three remaining categories refer to the 

higher level of learning and promote deeper and lifelong learning. According to Category 2, 

“Organization”, requires students to become actively engaged in and organise their own 

learning.  

They learn through rehearsal of information e.g. through oral and verbal discussions, 

presentations and analysis of feedback. The role of the lecturers in this situation is to assist 

students in imposing an order on content. 

 

Categories 3, “Integration”, consists of the process to link new information with existing 

knowledge and through this transition develop their own knowledge base with a personal 

understanding of the course content. Students should, according to this category, be 

encouraged to summarize, interpret, reflect and rephrase the course content in their own 

words. Metaphors are another means for facilitating the development of the learning process. 

Lecturers are hers supposed to assist students in their integration learning process, i.e. to link 

new information to their existent knowledge. Due to specific situations assisting students can 

be equal to questioning their suggestions, i.e. asking “why”.  

 

Category 4, “Elaboration”, focuses on students extended perspectives on how to use 

information and thereby develop their capabilities of being creative, as well as developing and 

seeking new solutions and ideas. The students aim to develop their own frame of references 

and their ability to use their new insights in their learning process and their future profession. 

The learning process includes means to develop and elaborate on course content, e.g. through 
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identifying real life examples, manifestation of course content, predicting results and 

implications of policies and procedures, synthesise discipline specific course-content with 

content from other disciplines and interfering courses for outcomes. Lecturers are supposed to 

assist students with elaboration on information by providing opportunities for the students to 

practice capabilities required for their future profession. This also includes assistance in 

making relevant links between old, new and extended knowledge and in developing a critical 

view, e.g. the ability to answer on “why” questions  

 

Some learning occurs from exploration and experimentation (Slater and Narver, 1995). Here 

students must act in an environment that support learning and “students should impose an 

organisation on content that make sense to them” (Sharp, Knowlton and Weiss 2005). A real life 

case, where company management is involved in the educational process, provides a higher 

degree of relevance. Students access a context that is as similar as possible to their forthcoming 

professional situation and also receive feed-back from professionals in the business environment. 

According to Sharp, Knowltown and Weiss (2005) a lecturer should remember that the key is to 

provide opportunities for the students to elaborate on course content by making connections to 

events and examples that are personally relevant and interesting to them.” Students are in their 

forthcoming professions expected to assist the organisational learning processes by analyzing 

and making decisions, e.g. to develop and apply new knowledge for development of sustainable 

competitive advantage (Weick, 2000; Jones, 2007). 

 

New challenges are identified in business education concerning students’ capabilities required by 

the business environment (Ehab and Lashine, 2003). However, there is resistance “Firms 

frequently rely on previous behaviours to which they are conditioned: it is too hard to delete old 

decision criteria.” Murray (2002, p. 239). In order to develop these new required knowledge and 

skills the students need to go beyond adaptive learning. The first reaction when one is forced to 

perform better is adaptive learning - “run” in the same way as before, but faster, see figure 1. 

Attempts to performing better are based on the organizational memory. To go from adaptive 

learning to generative learning could be rather hard, but necessary when it is not possible to 

move faster by running faster. Asking the two questions “What shall I do?”, and “How shall I do 

it?” is probably a very efficient strategy if one is looking for the right way of working with an 

assignment (high grades). An important question is then who shall answer those two questions 

to reach quality learning?  
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Learning Boundary

Generative Learning

Adaptive Learning

Organizational Memory

Information 

Acquisition
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Interpretation

Information 

Disemination

 

Figure 1. The Process of Organizational Learning, (Stanley & Narver 1995, p 66) 

 

In accordance to figure 1, our focus is on identifying obstacles within learning boundary for 

achieving generative learning.  

 

3.2.Generative process 

In this paper, we argue that the context of generative processes do not necessarily lead to 

generative learning. Constructive learning processes are also required. For exploring on the 

hinder in the development of deeper and more competitive capabilities we see Normann & 

Ramirez’s (1993) mixture of three knowledge 1 processes. Generative processes which in the 

long run are to generate new business and new and better customer offerings. The second 

process, where knowledge successively accumulated in the generative process is used to produce 

customer adapted knowledge, is the productive process. Finally the representative process when 

knowledge is conveyed to the customer. The last process is necessary to make knowledge 

available to the customer’s own value creating processes. We interpret these as three dimensions 

of the generative learning process. 

 

But how can lecturers support sustainable learning outcomes? When promoting learning it is 

not obvious if the learning is generative or adaptive. Biggs (2004, pp 19) argues for awareness 

of three interlinked time-aspects of relevance for learning: presage, process and product (the 

“3P model”). Presage (before learning) includes student factors such as prior knowledge and 

motivation and teaching context such as objectives and assessments. Process (during 

                                                 
1 Wikström et al (1994) use the concept knowledge process for all processes that leads to knew knowledge 
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learning) refers to learning-focused activities that could be of deep or surface nature. Finally 

product (after learning) refers to learning outcomes. We see these three aspects as 

contingency variables, i.e. change in one variable has on impact on the others.  

 

4. Empirical experiences 

Based on capabilities that are expressed in the descriptions of what a Master of Science in 

Technology and Management is expected to perform, it is possible to interpret it as 

capabilities in a professional situation - in the long run generate new businesses and new and 

better customer offerings. In the learning situation, such generative learning processes appear 

when students are asked what they suggest and how they suggest it. After their suggestions, 

they are asked why they have those suggestions about what and how. That is similar to what 

might be expected in a professional situation: In the professional situation generative 

processes are often initiated based on identified customer needs (i.e. during interaction with 

customers). In the productive processes then customer adapted knowledge is produced – often 

during interaction between several parties (customers, deliverers, consultants, experts). 

Finally manifested knowledge is conveyed to the customer in representative processes.  

 

We identified four context related aspects (see figure 2) affecting the learning boundary for 

future engineers. These are: (1) students’ view of learning, (2) lecturers’ view of learning, (3) 

real-life examples, and (4) manifestation of course content representation by practitioners. 

These aspects can be viewed as circumstances appearing in the 3P model by Biggs (2004). 

Here we argue for that learning boundaries do not just appear during the learning process, but 

can be established already during what Biggs (2004) describes as the Presage.  
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Learning boundaries:

Hinders movements from 

adaptive to generative 

learning through generative 

processes

Students: 

Individual- or group

Case:

Written, fictive

or 

Real life

Lecturer:

Individual- or group

Managers (practitioners)

No professionals represented

Professional managers but 

not connected to the case.

Professional managers 

related to case.
 

Figure 2 Context related dimensions of environment affecting learning boundary 

 

In our view, the way university education systems are designed, the student goes from one 

course to another. At a minimum the student is the only bridge between two courses in terms 

of transferring knowledge as an effect of learning in one course (the Product), to input to the 

next course (the Presage). Student’s experiences from teamwork, developed personal 

ambitions, experiences from how to structure a report, ways of being supervised, etc. are other 

ingredients in the Product. Our opinion is that such ingredients in the Product can be 

compared with Stanley & Narver’s (1995) description of Organizational memory. We argue 

for that such ingredient in the Product has to be considered as potential obstacles for breaking 

the learning boundary when making teaching efforts to create generative learning. We also 

believe that it is necessary to achieve progress in the development of generative learning 

according to Jonassen’s (1988) four categories of generative learning where the forth one 

Elaboration is what all universities most probably want their students to achieve in their 

learning and what future employers is expecting from graduated engineer students 

 

4.1. Illustration and reflections on hinders in the learning process 

As identified in the previous section, creation of generative processes does not necessarily 

lead to generative learning. It is not just a question about breaking through learning 

boundaries, but it is also necessary to identify hinders and understand how these have been 

established. Here we continue the discussion of how to identify hinders and how these can be 

understood. We start by describing the course aims and link them to the outline of the course. 

Then we discuss the identified learning boundaries and the importance of identifying hinders 
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and how to manage and constructively use them, i.e. turn hinders into opportunities in the 

learning process.  

 

4.1.1. Course aims and outline 

The first aim of the course is that the students should be able to problematize in an area of 

business economics with support in relevant theories and with a comprehensive view of a 

company. Secondly, the students should be able to analyze the need of internal and external 

information in order to develop recommendations to problem solutions. A third aim is that the 

students should perform analyses and present consequences of the suggested 

recommendation. Finally, the student should be able to form, organize and evaluate a 

development process with the aim to develop problem solutions in business economics. They 

should also be able to present, orally and in writing, analyses and recommendations of 

problem solutions, with a comprehensive view of a company.  

 

Below is a description of how items in the course are interlinked in order to sustain the aims 

presented above. The course is solely based on problem solving where the students come up 

with ideas and where lecturers from different areas within business economics come with 

questions and feedback, i.e. acting like a coach with scheduled guiding. No traditional 

lecturers are included and the setting of the course is project based. The students work on the 

project with a project plan (e.g. time schedules, resource planning, etc.), conduct project 

meetings with protocols, and make a reflection of their project work at the end of the project. 
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The goal of the course – the student shall be able to:

* Problematize a business administrative problem and applying a holistic view on 

a business organization, with support from relevant theory

* Analyse the need for internal and external information nessecary in order to 

develop proposals for problem solving 

* Carry out analysis on and present consequences of developed proposals for 

problem solving

Reflection - examination

1) Possible theory/models etc. (sub-

areas) within business economics:

* Accountability

* Marketing

* Organization

* Quality management

* Logistics

2) More specified and expanded sub-

areas of above

Information collection/ processing/ analysis

External information about the case/ the company 

(reports, web-sides etc.):

* Context/ the branch

* Competitors

* Customers

* Other actors

Internal information about the case/ company:

* Reports

* Annual reports

* Personnel (interviews/ surveys)

3. Final seminar: Integration of above that generate 

solution/ recommendation to the case/ company, 

presented in a report.  

An outcast of the problem 

formulation & questions 

linked to the case

Information needs?

1. Seminar: Identification 

of the problem and possible 

theoretical areas

2. Seminar: Partial report of 

the assignment and its 

solution

A more specified aim and 

questions

Presentation Opponents

Course aim (cont.):

* Design, organise and control a development process aiming at solving 

business administrative problems

* Perform oral and written reports on analysis and proposals to problem 

solving, with a holistic view on a business organisation

Rehearsal

The goal of the course – the student shall be able to:

* Problematize a business administrative problem and applying a holistic view on 

a business organization, with support from relevant theory

* Analyse the need for internal and external information nessecary in order to 

develop proposals for problem solving 

* Carry out analysis on and present consequences of developed proposals for 

problem solving

Reflection - examination

1) Possible theory/models etc. (sub-

areas) within business economics:

* Accountability

* Marketing

* Organization

* Quality management

* Logistics

2) More specified and expanded sub-

areas of above

Information collection/ processing/ analysis

External information about the case/ the company 

(reports, web-sides etc.):

* Context/ the branch

* Competitors

* Customers

* Other actors

Internal information about the case/ company:

* Reports

* Annual reports

* Personnel (interviews/ surveys)

3. Final seminar: Integration of above that generate 

solution/ recommendation to the case/ company, 

presented in a report.  

An outcast of the problem 

formulation & questions 

linked to the case

Information needs?

1. Seminar: Identification 

of the problem and possible 

theoretical areas

2. Seminar: Partial report of 

the assignment and its 

solution

A more specified aim and 

questions

Presentation Opponents

Course aim (cont.):

* Design, organise and control a development process aiming at solving 

business administrative problems

* Perform oral and written reports on analysis and proposals to problem 

solving, with a holistic view on a business organisation

Rehearsal

 

Figure 3. Description of course outline 

 

In Figure 3, presents a brief description of the course outline. The course has three scheduled 

seminars each of which are preceded with a scheduled guiding moment for the individual 

student groups. The course begins with an introduction to the case where a representative 

from an invited company gives a short presentation of the company’s context and situation. 

After the introduction, the students formalize their project groups and, before the first seminar 

take place, the students present in a guiding session a course problem (what they suggest to 

do), a formulation and questions linked to the company. The purpose with this guiding session 

is to discuss the identified problems and how to explore the problems further. Then, in the 

first seminar the students present their identified problem structure which lead to a more 

specified problem of interest and possible theoretical areas that can support future analyses. 

After the presentation, other student groups (an opponent group) and teachers ask questions 

about the selected matter, i.e. questions of a “why” character. 
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In the second guiding moment, which precedes the second seminar, the student group discuss 

with the teachers a more specific problem area and questions. In their presentation in seminar 

two, the students show their specific questions, some performed and tentative analyses, and 

possible recommendations to the company (what and how). An opponent group poses “why” 

questions and the group must defend their work (suggested what and how). 

 

During the time between seminar one and two, the students should continuously reflect on the 

needed areas of theories and how they can use them in their analyses, as well as find support 

in the existing theories in business economics subjects as organization, accounting, marketing, 

quality and logistics. The student must be able to show what areas in business economics they 

have used and in what way, i.e. how they use different theories and models in their analysis 

that led to the final recommendation. This reflection is tested in an exam in the middle of the 

course. The questions on the exam are given to the students in the beginning of the course. 

The students should also reflect on needed information, both external to the company ( e.g. 

about the industry, competitors, customers etc, and internal about the company, e.g. company 

reports, annual reports, survey or interviews of personnel). Finally, in seminar three the 

student groups present their final recommendation to the company in a specific problem area. 

A rehearsal opportunity of the presentation preside the seminar. 

 

This procedure was explained to reflect a situation and a working process that most probably 

will be the case in their further professions. Even here the students’ behaviour showed that 

they are not used to a situation where weekly reports are supposed to be written in an 

understandable way. On the other hand a few groups showed an insight about how useful such 

reports are for information to external people as well as for their own reflections about their 

problems and progress. 

 

4.1.2 Hinders in the learning boundary 

We argue that by identifying hinders in learning boundaries these can be developed in 

creating a sustainable generative learning behaviour for engineering students. As mentioned 

earlier, obstacles already exist or are created during the generative learning. We emphasise 

four contingency variables for the learning boundary, i.e. Capabilities, Behaviour, Outcome 

and Environment. These variables are the result of our earlier discussions about previous 

research concerning learning. We summarize those who have contributed to our view of 

learning in Table 1. 



 14 

Table 1. Contingency variables for the learning boundary 

References  Environment that 

support learning 

Capabilities in the 

learning process 

Behavior in the 

learning process 

Outcome of learning 

Biggs 

 (2004) 

Presage –  (student 

factors e.g. students’ 

motivation, and 

teaching context) 

Presage – students’ 

prior knowledge  

Process – learning 

activities - deep or 

surface learning 

Product – the outcome of 

the learning process – 

students’ new learning 

level 

Jonassen (1988)  Developing generative 

learning through four 

dimensions/categories: 

Recall, Organisation, 

Intergration, 

Elaboration 

  

Normann & 

Ramirez’s 

(1993) 

  Introduce 

knowledge 

processes: 

Generative, 

productive, 

representative 

 

Ehab & Lashine 

(2003) 

 Identified new 

challenges linked to 

students’  capabilities 

  

Stanley & 

Narver 

(1995) 

Organisational 

memory - 

organisational 

learning situations 

   

Jones  

(2007) 

Focuses on how 

graduate skills are 

developed and what 

type of learning 

environment that is 

required.  

Skills: communication, 

teamwork, problem 

solving, initiative and 

enterprise, planning 

and organizing self-

management, 

learning, and 

technology 

 Skills: communication, 

teamwork, problem 

solving, initiative and 

enterprise, planning and 

organizing self-

management, learning, 

and technology 

 

The first contingency variable, in our model of developing generative learning, we see the 

Environment as the fundamental base forming the learning process. The environment creates 

the context of what is possible and what is achievable in the learning process. Further, within 

academia, the environment is part of students’ contexts and should sustain motivation for 

learning and create a context for teaching. Linked to our course development, we have 

identified four interlinked contextual dimensions in the environment, i.e. students, lecturers, 

cases and managers. All these dimensions must be adjusted to the students’ learning process. 

As the environment states the condition for learning, the type of Capabilities students should 

acquire must be clarified in the learning process.  Their prior knowledge must be utilized in 

the learning process and, new skills must be developed or applied (skills for their future 

profession: communicative, problem solving, creativity, planning and organizing self-

management etc). Behavior is our third contingency variables for the learning boundary. This 

means that the process of learning is linked to how students behave and are used to behaving 
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in order to acquire new knowledge. It is essential to achieve deep and not just surface 

learning. Our last contingency variable is Outcome, which is mainly the result of the learning 

process. The students’ new learning level should provide deep learning and new skills should 

have been acquired. 

 

As mentioned earlier Environment is the fundamental base for the four dimensions. 

Capabilities are in our model seen as presage/input, followed by a specific behaviour 

(process) that results in outcomes. These Outcomes then developing capabilities (see figure 

4). 
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Figure 4. The Learning process  

 

Jones (2007) focuses on how graduate skills are developed and what type of learning 

environment is required. Jones discusses this in terms of eight general skills: communication, 

teamwork, problem solving, initiative and enterprise, planning and organizing self-

management, learning, and technology. We argue for an additional general skill that is the 

ability to answering “how” and “what” instead of asking “how” and “what”. According to 

Stanley & Narver (1995) which of those skills presented by Jones (2007) do you need in order 

to learn faster and generate sustainable competitive advantage, or what are the obstacles for 

acquiring these skills? 

 

Students rather than lecturers are in accordance to the generative learning perspective 

intended to take an active part in the pursuit of understanding within the content of the course 

through assignments that provoke generative learning. (Based on Wittrock, 1974,1990,1992) 
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and Wittrock and Alesandrini (1990). However, there is resistance: “Firms frequently rely on 

previous behaviours to which they are conditioned: it is too hard to delete old decision 

criteria.” (Murray 2002, p. 239). It is likely not just firms that rely on old decision criteria. 

Based on our experience, students also base their decisions about efforts regarding their 

behavior and activities on experiences from earlier courses and/or on suggestions 

/recommendations from other students. 

 

After a university education engineering students are supposed to act as professionals with 

businesslike capabilities or others, which is also supported by Ehab and Lashine (2003) and  

Jones (2007). In the long run we believe that investments in efforts that gain generative 

learning is necessary for developing capabilities demanded in industry but during university 

education it are easier for the students if the lecturer provide detailed instructions for how to 

accomplish the assignment. Students’ demand of old assignments and solutions are additional 

examples of the passive behavior. There appears to be an “organizational memory“on campus 

where this behavior is transformed between students and from one academic year to next. 

Based on our experience there is a rather common attitude among students that grades are 

more important then long term learning. The result of this is a Product that has impact on the 

Presage in the next course in their education. Also high grades make students even more 

convinced about that their behaviour is the most efficient.  

 

Another impact on students behaviour is that 4 years education is cut into about 32 courses 

where the education system has made the individual student responsible for reflections about 

how the outcome from the course (the Product) in one course has impact on their capabilities 

(the Presage) in the next. It is therefore not surprising when students in the next course are 

facing the Presage as a mixture of their experiences from their last course (the Product) and 

the (new) teacher’s view on learning and experiences from other courses and other students (a 

different Product). It is probably not necessary that students have a long term view on their 

education and their learning. However our opinion is that the teachers must have a long term 

view on learning in two directions – backwards and forwards. Backwards: what is the 

students’ capabilities, behaviour and other experiences from earlier courses, the Outcome (the 

Product) that becomes input Presage in the next course. Forward: regarding course aim, what 

teacher capabilities and what other contextual dimensions in the environment are necessary to 

support the development of expected behaviour and learning aims. 
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One important hinder for generative learning is that students are not realizing that efforts 

supporting generative learning are an investment in their future career both for the 

development of capabilities (a presage) that gain generative learning in following courses, 

and outcomes (a product) that is demanded in industry. Here we argue that real managers 

have an important role to play. Most probably they are more trustful when telling students,  

what efforts are necessary in order to gains the knowledge needed for making the most 

suitable answers on their questions of “what” and “how”. 

 

5. Suggestions for further research 

During the last decade, it has been more common that graduated students are hired as trainees 

for a period of 6 to 12 months. This way of recruiting graduated students was most common 

among large companies. However there is e trend that the number of trainees hired in small 

businesses is increasing. The purpose with hiring a trainee is to adapt the graduated student to 

what the employer needs. From the graduate student’s perspective, that adaptation is most 

probably similar to what appears during generative learning. 

 

Connected to our experience from working with generative learning in courses, we asks if it 

should be possible to transfer a part of the trainee duty in the companies to become a part of 

the university education. The fulfilment of the trainee duty can be regarded as the end of the 

recruitment process. The question is then when and where it can be started. We believe that it 

can be started earlier then it is today. The last course students take before graduation is the 

final project work. That project work often takes place at a company and is also the first step 

in what might be a recruitment of that particular student.  

 

From our point of view we belief that companies attempt to recruit engineers could start 

earlier than only in connection to the final project work. We suggest studying if there is 

possible to transfer parts of the trainee duty to belong to the university education (ie. start 

companies’ recruitment processes earlier). To make managers become more involved in 

education on an operative level, it is necessary to find solutions where their involvement 

provides benefits – both for the managers and the companies hiring them.  
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