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Abstract—This paper outlines the need for valuing of software 
engineering skills as a means to improve software engineering 
education. It presents a brief introduction to affective domain 
learning, and a survey of the education literature on software 
engineering skills related to software testing and quality 
assurance, which suggests that the competencies and skills 
needed extend beyond cognitive-domain learning. It then 
proposes a means for studying student valuing of these ‘best 
practice’ skill areas. 
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I. EDUCATING FOR ENGINEERING BEST PRACTICES 

Engineering and computing education is driven more and 
more towards emphasizing the technical needs of graduates, 
while at the same time employers are faced with increasing 
reliance on their employees to innovate both their products and 
their processes. New software engineering graduates entering 
the workforce are often at the tip of the technology transfer 
cycle: not only do they need to be able to learn best practices 
before they join the workforce, they also need to be able to 
champion transferring these practices into their organizations.  
In a recent definition of software engineering competencies 
(SWECOM) defined it this way: “an additional competency of 
all software engineers is to instruct and mentor others, as 
appropriate, in the methods, tools, and techniques used to 
accomplish those activities.” [1] This shift in engineering 
education is significant – Engineering classrooms are 
increasingly becoming schools of best-practice education. 

In contrast with traditional science education emphasizing 
theory [2], effective engineering education emphasizes 
“practice applied with judgment” [3]. These engineering ‘best 
practices’ look at the size, types and necessary product 
development activities [1]. Typical core content in engineering 
education tends to focus on theory and/or small-scale 
component development. The difficulty is that “theoretical 
knowledge does not by itself lead to improved authentic 
problem solving skills” [4]. Second, this is usually far removed 
from the practitioner demands for technical ‘crosscutting’ skills 
expected of practitioner work.  

While the best practices and essential competencies in any 
engineering domain may be identified [5], the difficulty is 
actually getting students to value these practices. Students may 
learn a particular best practice, demonstrate competence with 
it, and be able to describe when it should be used, but do not 

utilize that practice when not specifically required. In 
educational theory, this is termed a ‘failure to transfer’ 
knowledge and skills learned in one context to other 
(appropriate) situations [6]. This leaves them unwilling, and 
likely unable to champion the transfer of this particular practice 
into their workplace. 

They type of learning described here is generally classified 
as characterization within affective domain learning. The 
affective domain describes learning objectives that emphasize a 
feeling tone, an emotion, or a degree of acceptance or rejection. 
Characterization by value or value set is to act consistently in 
accordance with the values he or she has internalized. 
Examples include: to revise, to require, to be rated high in the 
value, to avoid, to resist, to manage, to resolve. [7]  In 
particular, the intent with teaching any engineering best 
practice is for students to select and attempt to use the best 
practice in appropriate situations without supervision.  

The motivation for this work stems from research in how 
students come to know, and know engineering: Attitude plays a 
key role in patterns of knowing [8] and affects what students 
know and how they come to know it [9]. This also stems from 
author experience teaching different software engineering skill 
areas, including requirements management, software testing, 
software design and user-interface design. While this work will 
focus on a particular ‘best practice’ from software engineering, 
the hope is that the results of the final study would have some 
applicability for assessing student valuing of an identified best 
practice in other engineering specializations. 

One of the difficulties in combing the literature on issues in 
teaching best practices is having a consistent nomenclature for 
classifying the practices or skill areas associated with ‘best 
practice’. These skill areas both reflect the community 
definition of what is needed by engineering students in a 
particular discipline and outline the core content where ‘best 
practice’ learning is expected. The particular skill sets would 
be different for other engineering disciplines, but a taxonomy 
for a particular domain is necessary for the study. The 
mechanism selected here is to use expert-definitions for 
software engineering skill areas that both reflect teaching 
practice and practitioner needs [1]. 

II. SOFTWARE ENGINEERING SKILL AREAS 

Recent work sponsored by the IEEE Computer Society 
provides an excellent starting point for defining skill areas in 
software engineering that are wanted by new graduates.  This 



work in software skill development presents a model for five 
life-cycle skill areas and nine crosscutting skills, each with 
identifiable sub-skills that map to practice and the expert 
literature in current software engineering practices. Table I lists 
these 14 different skill areas, which serves as a mechanism for 
grouping best practices as presented in the literature. 

TABLE I.  SWECOM SKILLS AREAS [1] 

Life Cycle Skills Crosscutting SkillsSoftware Requirements  Software Process and Life-Cycle  Software Design  Software System Engineering  Software Construction  Software Quality  Software Testing  Software Security  Software Sustainment  Software Safety   Software Configuration Management (SCM)   Software Measurement   Human-Computer Interaction  
The question, always germane to engineering educators, is 

what is the ‘best practice’ that should be taught in a particular 
software engineering skill area.  Standard terminology for these 
skill areas is extremely helpful for collecting and classifying 
issues encountered in teaching students best practices. For 
example, issues in teaching model-based software testing 
[10,11] or test-first development [12] can both be grouped as 
issues under Software Testing Skills. 

SWECOM similarly provides a useful lexicon for exploring 
best practices that can/should be included in software 
engineering education at different levels, as well as means to 
examine expectations of graduates in these skill areas. It 
defines five levels, Technician, Entry Level Practitioner, 
Practitioner, Technical Leader, and Senior Software Engineer, 
where the intent is that new computing graduates are at mostly 
at the ‘Entry Level’ [1]. The expectation is that these levels 
will play a role in disambiguating student cognitive and 
affective domain learning – and may be a potential contributor 
to issues with student characterization: the less they know, the 
less they may value the skill area. 

III. TESTING AND QUALITY ASSURANCE SKILL AREAS 

While there is extensive literature on methods for teaching 
the various software engineering skill areas, learning “practice 
applied with judgment” still appears to have issues. A short 
survey of the literature on teaching Software Testing and its 
related Software Quality skill areas yields assertions and 
conclusions like the following: 

• Many IT professors teach content and then expect 
students to solve problems automatically without 
being shown the process involved. [13]   

• Teamwork supporting tools and project roles are also 
neglected issues. [13] 

• Attention not be paid to aspects related to code quality 
and use of design patterns for software architecture 
and resource planning by students on projects. [13] 

• Projects given to the students did not match the 
realities experienced by industry programmers: larger 
systems, many features and much higher expectations 
of code quality. [14] 

• The most common casualty is the code verification; 
typically, there are very few unit tests, there is no 
measurement of code testing coverage, and so forth. 
These projects fail to teach sound software 
engineering practices. [15] 

• Teachers not always concerned about unit test 
implementation or user interface usability. [13] 

•  One of the biggest impediments of developing testing 
practices are the lack of knowledge in adopting new 
techniques. [16] 

 What these comments suggest is that teaching software 
quality, testing and related verification and validation 
techniques can be difficult. The point though, is not the 
difficulty, or the advantages of this or that particular method of 
teaching these skills, but rather a consideration of the broader 
sense that the expectations for the skillset(s) involved in just 
these related skill areas are broad, and not easily addressed. 
The question that this preliminary work attempts to identify is 
the various contributing expectations, and hypothesize why 
these expectations might remain unmet in many educations 
settings. 

A recent detailed study of software testing practices and 
skill needs in industry expanded the technical skills to examine 
other professional competencies needed [16]. The results, both 
in examining the literature on software testing skills, 
interestingly ranked non-academic competencies and values 
significantly more often among those ranked as more 
important.  These findings are summarized in Table II. 

TABLE II.  SOFTWARE TESTING COMPETENCIES [16] 

Characteristic Rank Characteristic Rank
Communication skills  7 Diplomacy 3
IT background  6 Need for challenge 3
Need for variety 6 Domain knowledge 3
Details oriented 5 Courage 3
Curious 4 Creative 2
Passion for quality 4 Proactive 2
Patient 4 Structured 2
Testing experience 4 Team player 2
Achievement orientated 3 Mindset to find bugs 2

 

Table II shows characteristics like “Details-oriented” and 
“Curious” or “Passion for quality” all listed above cognitive 
skills like “Testing experience.” This finding (consitent with  
[17]) suggests that there is a significantly different set of 
learning goals involved in helping students become successful 
with software testing and/or quality assurance skill areas.   

The question then, is what are these additional learning goals 
that should be included with these best practice skill areas. For 
example, passion for quality was noted as follows: 

Participants “expressed their desire to improve the quality in 
the products they are working on and taking pride in 
participating in the delivery of a high quality product. They 
talked about their joy in investigating and finding defects 
which will lead to a better product.” [16] 

One could view these ‘desires’ or ‘taking pride’ as inherent 
personality traits, but this argument ignores the literature 



suggesting that attitude and affect are both learnable aspects of 
a topic [18] [19] [20]. Hence the need for edcuators to better 
model these types of affective domain learning outcomes, and 
be able to assess them reliably. 

IV. WIP: VALUING BEST PRACTICES APPROACH 

An example of an engineering best practice in software 
engineering comes from the software testing skill: the principle 
of test-first development (TFD). TFD is well suited to the 
small-scale development that most students engage in while at 
university and is required in multiple commercial agile 
development methods increasingly used in industry. 
Completely consistent with my teaching experience, research 
suggests “student attitudes towards test-first development may 
be the primary hindrance for new novices accepting and 
adhering to early test case development” [17].  

Students’ attitude of, and valuing of a software engineering 
skill or best practice (e.g., test-first development) needs to be 
understood in order to assess, and ultimately improve their 
learning “practice applied with judgment.” The result is that 
understanding the reciprocal nature of affect in learning 
appears to be especially important when teaching best practice 
methods [17]. Student affect, and particularly how they value a 
particular practice affects both their learning of that practice, 
and their ability to transfer knowledge and skill to their projects 
and workplace. If we as educators are to improve student 
learning of best practices, we have to be able to reliably assess 
their attitude toward, and valuing of the practices they are 
learning. 

The project begins with the hypothesis that the fundamental 
obstacle to student retention of an engineering best practice is 
their internal valuing (characterization) of said practice. It 
focuses on assessing students’ beliefs with respect to best 
practices. While we cannot assess students’ inmost beliefs, we 
can identify what matters to them in practice by looking at 
what they actually do [21] [22]. This allows us to measure their 
behavior using three categories of the affective domain: 
receiving, responding and valuing [23] as steps for assessing 
their development toward organization and characterization. 
Computing best practices, and the value that these hold for 
students are both cognitive and affective in their structure. 
Consequently, this project entails developing and testing 
semantic differential [9] and multi-response checklists for 
assessing both cognitive and affective dimensions [24] [25] of 
student attitudes toward computing best practices.  The core of 
this work will focus on the development and validation of 
questionnaires for examining students’ values and structuring 
of values with respect to selected computing best practices. 
The longer-term goal is to establish valuation of software 
engineering practices in the context of Conceptual Change 
theory and methods [19] for the improvement of best-practice 
education in engineering.  

A. Methodology Outline 

One of the key shortcomings to assessing the affective and 
cognitive properties of attitudes is the need to address the 
interdependence between conceptualization and the measures 
used to assess that construct. The plan is to (1) Select a best 
practice and target audience (2) develop a set of assessment 

instruments for assessing student valuation of that practice, and 
then (3) to apply this instrument set to appropriate software 
engineering courses that explicitly include the particular ‘best 
practice’ identified by the research team.  

Key to this initial study would be to identify a course/best 
practice with sufficient populations to enable some measure of 
statistical reliability. The expectation is to utilize the 
instrument set both in pre- and post- setups in an effort to 
establish a baseline on the effectiveness of current methods 
used in the target courses. The selection will be identified in a 
prior semester, in anticipation of pilot implementation in the 
following semester when the course is offered. With a core 
topic selected, then the work would be to identify the key terms 
and concepts that are involved with that best practice in order 
to develop draft semantic differential and multi-response 
checklist instruments around the cognitive and affective 
components of that particular best practice. The instrument set 
would be developed from other studies in science education 
[23,24]. Where a control group can be established, this also 
would be of use. The plan for this work in progress involves 
utilizing software testing best practice(s) for instrument 
development, as this is both common to many software 
engineering courses, and the work in cross-cutting skills [16] 
may also prove useful. However, the actual selection of the 
particular best practice area is subject to negotiation with the 
faculty of record, and may not be what is feasible for pilot 
deployment. 

Semantic differential scales are used to assess dimensions 
of connotative feeling toward an object, person, or concept. 
These are most often assessed along one to three dimensions of 
meaning: strength, value and/or activity. These are represented 
as polar adjective pairs, with seven-valued selections indicating 
relative strength. For this study, a set of at least ten adjective 
pairs assessing value will be used, such as: 

Worthwhile… Worthless 
Good… Bad 
Cheap… Expensive 
 
Multi-response checklists attempt to approximate interval 

levels, and are used to assess attitude toward a particular 
concept. Also known as Thurston scales, these are generated by 
developing equal-appearing intervals that form an attitude 
scale. This scale will via a three-step process. The first step is 
to develop response statements by eliciting a wide range of 
attitude statements toward the particular best practice. Then 
duplicate and irrelevant statements will be removed. A team of 
faculty judges will be asked to judges were asked to sort the 
statements into eleven stacks representing the entire range of 
attitudes from extremely unfavorable (1) to extremely 
unfavorable (11). If the judges cannot consistently rate an item 
on its favorability or show a high degree of variability in their 
judgments, the item will be eliminated. 

With these steps in developing two sets of scales, the scales 
would then be piloted in a smaller setting available at my home 
institution. After review and adjustment, this would be 
attempted with a wider, larger population with similar best-
practice learning goals. The results should provide both an 
individual and an aggregate assessment of student valuing of 



the best practice selected; certainly not useful for grading, but 
for understanding how students judge a particular engineering 
practice they have been taught to use. 

Like other engineering disciplines, there are multiple target 
software engineering best practices that are core to effective 
practitioner competency [1] which exhibit difficulties in 
transfer [12]. In order to best establish an effective study of 
student valuation, it is critical to simultaneously identify a best 
practice that anecdotally exhibits difficulty in transfer and 
courses in which these methods are prerequisites, taught and/or 
applied with sufficient students to indicate meaningful results. 
Consequently selection of the best practice is both important, 
and a bit difficult, especially with respect to the timing of this 
pilot study. While this paper focuses on the skill areas 
surrounding software testing and quality assurance (e.g., TFD), 
the initial instruments and study may focus on another area 
where the student learning and participants are more available. 

V. CONCLUSIONS AND NEXT STEPS 

This work-in-progess has presented a rationale, and a short 
review of student valuation as a component of affective domain 
learning, and why the assessment of affective domain learning 
for software engineering best practices can positively affect 
their ability to better utilize their skills. It proposes a means for 
developing scales to use for studying what students do with 
skill-related tasks to assess their valuing and proposes 
developing and testing semantic differential instruments for 
this purpose.   
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