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1 Contents of this working paper 

In this paper we propose to use role models as an established methodology to enhance the decision-
making process in career guidance by using the results of assessments combined with case-based 
reasoning to provide the most user-specific fitting working area in the business informatics domain. 
The challenge is to define the correct similarity measurements and to build a comprehensive case 
structure. To increase the precision, we use established thresholds for certain assessments, for 
example self-efficacy. By using thresholds for the similarity function, we are also able to classify 
candidates who have not yet passed one threshold but score well on other assessments, thus 
increasing the value for a larger audience.  

2 Goals and background: The BeSt F: IT project 
The main objective of the BeSt F: IT project was to inspire young women (female students in grades 9 
to 13) for IT professions and IT studies. This is intended to activate previously unused potential for 
skilled workers and enable women to participate in a particularly relevant future professional sector. 
The project goal was to be achieved by offering career and study orientation in an Internet portal that 
is suitable for female addressees. The focus was on three elements: content modules for action-
oriented testing (module M1), content modules for role models (module M2) and content modules for 
assessments (module M3). In order to develop these modules, cross-sectional tasks (QA) were defined 
in the work plan. Figure 1 illustrates this.  
 

 
Figure  1: Work pakages im BeSt F: IT – Project  
notes: M = Module, QA = Cross-sectional task, WP = Working packages  
 
The results generated in the modules and cross-sectional tasks are presented in the BeSt F: IT Work-
ing Paper Series. 

3 From assessment to role model  

In the perception of most of the young women, their skills and competencies do not fit with the re-
quirements in the STEM field, so they exclude a career in this field at an early age. Apart from the im-
age of jobs in the STEM field, these perceptions are influenced and learned socially, as stated above. 
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Furthermore, a low self-efficacy is one main reason why many young women do not consider a ca-
reer within the STEM field and thus need more encouragement (Augustin-Dittmann and Gotzmann 
2015) (Acatech and Körber-Stiftung 2015). So the challenge is about to make young women discover 
their talents with regard to STEM and to strengthen their aroused interests. Here, assessments can 
lead the way to hidden barriers, which can be defined in an examination of intentions, attitudes etc., 
as the following abstract explains.  

3.1 Self-assessments  

Self-assessments support the exploration of study and occupation-related skills, preferences and ex-
pectations as well as the examination of the requirements of a university degree or a profession in 
the STEM sector. The term has its origin in psychological diagnostics, which means a special situation 
of a psychological testing. One method is questionnaires for self-assessment where test persons can 
independently fill in questions on various job-related skills and receive feedback on their status (Hell, 
Päßler, and Schuler 2009) (Singh, Vinnicombe, and James 2006). When using our developed platform 
after a student fulfilled an assessment, the CBR component within the platform automatically selects 
and suggests the best matching modules. The intention of taking or not taking a job in the STEM 
field, as it is requested in the first assessment, is a substantial piece of information to divide students 
into two different target groups. The feedback after an assessment is a promising way to encourage 
female students to take a step towards jobs in STEM, as the feedback links their potential success in 
STEM subjects to their own competencies and strengthens their self-perception (Budde 2009) (Char-
bonnier, Normandeau, and Gonzalez 2015). Currently, the platform contains five different assess-
ments, intention to take up a profession in computer science, job-related self-efficacy, computer sci-
ence-related self-efficacy, general self-efficacy, general interests. The assessments are based on in-
struments of behavioral psychology (Beierlein et al. 2012) (Ratschinski 2014).  

3.2 Role model  

In the role-model theory, it is assumed that one person observes other persons in order to learn from 
their behavior and the results and consequences linked to this behavior. The learner adopts this be-
havior for his own life path with the aim of achieving similar results (Singh, Vinnicombe, and James 
2006). In the past, the role models were mostly from the direct environment of a person. However, a 
first change already occurred due to the distribution of television (McGhee and Frueh 1980). With 
the increasing spread of social media, more and more role models became available. The combina-
tion of personal videos of a role model and further information about this model have shown the po-
tential to place further role models in a targeted way. The role-model videos contain information 
about the models’ curriculum vitae and their professional or even private life. This is essential for the 
users to identify with the model. Of course, not every role model matches every user. Therefore, the 
concept behind the matching is based on a criteria catalogue developed out of the assessments. Cri-
teria are, for example, education and profession, as well as job tasks and soft skills (Scherbaum 2011) 
(Steuer 2015) (Solga and Pfahl 2009). The catalogue defines the attributes and thus enables an easy 
and intuitive way to assign the matching set of attributes to each video. This is fundamental to the 
recommendation system, which is implemented by a CBR system we describe in the following sec-
tion.  

3.2.1 Similarity-based role model suggestion  

Finding an appropriate role model to suggest a career path for students at school is based on the 
self-assessment of students in our research project, as we described before. We use CBR to find the 
most similar existing role model to the given results of the self-assessment. CBR is a paradigm of arti-
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ficial intelligence and a problem-solving approach that uses experience from past problems and situ-
ations to find suggested solutions to new problems. The key idea of CBR is that similar problems have 
similar solutions and is based on the Dynamic-Memory theory developed by Roger Schank (Schank 
1999). A case at least consists of a description of a real, occurred problem and the associated solu-
tion, but can have additional information about justification, adaptation steps, and quality infor-
mation (Kolodner 1993) (Richter and Weber 2013). The predominant CBR process model was devel-
oped by A. Aamodt and E. Plaza (Aamodt and Plaza 1994) and has been defined as a cycle. Figure 2 
shows the CBR cycle adapted to the project and consists of four steps: Retrieve, Reuse, Revise, and 
Retain. 

 

Figure 2: CBR-cycle using the assessment results and role models. 

 

In the Retrieve step a newly given problem (here: assessment of the user) is transformed into the de-
fined case representation and then compared to the cases in the case base to find the most similar 
cases. In the Reuse step the solutions of the retrieved cases are adapted to find a solution to the new 
problem (here: the resulting role model). In the Revise step the adapted or generated solution is 
evaluated and eventually revised to finally suggest the role model and the corresponding role model 
video to the user. After the user has seen the video, they might provide feedback whether the pro-
vided role model matches with the expectations. The Retain step enables the CBR system to learn 
new knowledge in form of feedback on the proposed role model. In our scenario, we are mainly 
learning by adding new cases to our case base, thus adding more role models and corresponding user 
profiles. This enables us to gain a higher accuracy which is needed due to the very individual subject 
of our domain. However, by adding a feedback component to the graphical user interface, we are 
also able to learn similarity measures by getting feedback from the user whether or not we sug-
gested an interesting role model. In the following, the knowledge model for the CBR system used for 
the case structures and the similarity measures in our research project is described.  

 

3.2.2 Case structure and similarity  

We are using a structural CBR approach to represent the cases where given attributes are mapped as 
key-value pairs. Currently, we are using nine attributes for the case representation. These attributes 
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are a numeric value and a Boolean expression for the intention to seize a computer-science profes-
sion and general self-efficacy. We are using an additional numeric value and a Boolean expression for 
self-efficacy related to career choice and work-related interests. The value scale for the intention to 
take up a computer-science profession has a range from 1 to 7. The value scale for general self-effi-
cacy has a range from 1 to 5, whereas the value scale for self-efficacy related to career choice has a 
range from 1 to 4. The higher the specified value is, the stronger is the impact of an attribute. For the 
attribute of work-related interests, we have defined different possible symbolic values, e. g., the in-
terest art and creativity, investigation and research. The similarities of these value expressions are 
defined within a similarity matrix. The Boolean expressions for the intention to seize a computer-sci-
ence profession and self-efficacy related to career choice depend on a threshold, if the numeric value 
is lower than the threshold, it is false, otherwise it is true. In classification, a distinction must be 
made between mono- and polyhierarchical classification. In our CBR system, we use the mono-hier-
archical classification. This means that the role models must be uniquely assigned within an attribute. 

CBR usually distinguishes between global and local similarity. Global similarity arranges the similarity 
between attributes, e. g., how important is self-efficacy in contrast to interest in computer science. 
However, for now we assume that each attribute is equally important, resulting in the same similarity 
for each attribute. This might change during later stages of our research, which in turn might lead to 
an increased accuracy in retrieving the most similar case after inserting domain knowledge in form of 
attribute weights.  

In contrast, local similarity arranges the similarity for an attribute, which is important to the compari-
son between actual, saved and known cases and the query of the user. Depending on the type of the 
attribute, different similarities are possible. This is represented by a two-dimensional matrix whereas 
the diagonal contains only the similarity 1.0 (since an attribute compared to itself is always equal), 
and the remaining fields can be filled with weights between 0 and 1, depending on the opinion of the 
modeler. This is where the domain and expert knowledge can be displayed. As one might easily see, 
the maintainability of such a matrix decreases as the size of the matrix increases. This can be coun-
teracted by using taxonomies instead.  

For numeric values, such as self-efficacy, there are two possible ways to model the similarity. As 
mentioned above, there are three possibilities: The value of the query is below the case, the value is 
above the case, or the query equals the case (which results in 100 % similarity for this given attrib-
ute). This is also important to including similarities around thresholds. As mentioned before, there is 
a threshold at 4.8 for the entry assessment, which must be passed to be considered as “interested in 
computer science”. However, we would also consider candidates who are just around that threshold 
by using the step method. In contrast to the polynomial function, this especially gives us the oppor-
tunity to decide for each result of the similarity assessment of an attribute which role video (solution) 
should be sent to the user. thus providing a more precise and individual result.  

In addition to the similarity measures, the query is enhanced using so-called completion rules. These 
rules take given information into account and derive additional information to enable a more precise 
retrieval of appropriate role models. In our project, the rules are used to classify the query based on 
the distance between a given value and the threshold for the self-assessment attributes. The combi-
nation of local similarity measures and completion rules allow us to suggest cases more precisely, es-
pecially when a given self-assessment value is very near to the threshold.  

 
3.2.3 Conclusion  

This paper gives a short overview of the current state of our research project. The motivations for the 
project as well as the initial knowledge modeling for the CBR component are described. The next 



Carsten Wenzel, Charlotte Schiller, Darja Kröplin, Pascal Reuss, Jakob Schönborn: Suggestions of Role Models for 
Career Guidance using case-based Reasoning 

5 
 

steps for the near future are to enhance the knowledge modeling based on expert input for assess-
ments and role models and perform a full-scale evaluation of the enhanced online platform with stu-
dents in a practical learning environment. Apart from the improvement of existing components and 
features, the platform will be extended by additional features, like explanations for the suggested 
role models, additional input and output channels, and the full integration of T-shapes into the sug-
gestion process. In addition, the proposed approach should be extended and generalized to be appli-
cable to other domains.  
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