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Troubleshooting Skills for Non-Engineers In Technological Jobs
Abstract
Although there is an increasingly interest for people to become technologically literate, there
exists a technical knowledge gap between industry needs and workforce competencies,
especially in developing countries such Colombia. That is why technological skills such as
troubleshooting need to be developed. Moreover, learning technology skills may be used as a
tool for learning new context-specific knowledge.
The following study examined why troubleshooting may be an effective tool for non-engineers
to learn technical knowledge. Troubleshooting involves essential elements of the learning
process. The constant interaction with real artifacts, the immediate feedback and need of
reflection for diagnosing faults, and the use of previous knowledge are elements intrinsically
integrated to the troubleshooting process.
Introduction
Technological skills are increasingly required at every level of various organizational structures.
In addition to engineers, also technicians and other workers could benefit from having strong
technological skills that promote their active involvement in the decision-making process1.
Especially in developing countries such as Colombia, where is a wide gap between industry
requirements and workers knowledge and skills2,3, technological skills are crucial. Becoming a
technologically literate individual, a person will be able to “use, manage, assess, and understand
technology... evaluate the information in [a] story intelligently, put that information in context,
and form an opinion based on that information”1. Technology skills such as artifact problem
solving are required in the workplace; technicians and other workers need to develop problem
solving strategies such as troubleshooting, more than just knowing how a machine works or how
to make stocktaking4. Moreover, learning those technological skills through work is an effective
and practical strategy5. Workers can learn through authentic problems6,7 and through
collaborative learning8,9, while are productively engaged in their work.
Constructing and developing technological knowledge, skills and habits of mind helps people to
construct new learning10. The information can be found in one’s experience, in other’s
knowledge, even in places such as databases, libraries or codes, but if one knows how to
transform that information into meaningful knowledge, it does not matter how much information
people may gather in order to achieve a specific goal11. In fact, if the learner can overcome
failure by troubleshooting, which is a particular technological skill, he or she will reduce the time
investing in a new task appropriation because they receive immediate feedback4,12.

Troubleshooting
• Strategy for problem solving: A strategy particularly used for technology
related fields
• Application oriented: interacting with an artifact, commonly used for problem
solving at work

Problem Solving
• Skill needed to increase technological literacy: In particular, for technology
it requires a systematic and logical approach
• Connection with Engineering: Creating, improving, using, and choosing
devices1

Technological Literacy
• Broad view of technology: how to modify nature to build a better life14
• Needed in the industry: As an important force in economy1
Figure 1

Troubleshooting, as shown in Figure 1, is a strategy for developing problem-solving skills, which
are needed to increase technological literacy. Problem-solving skills can be applied to any field
or problem; however, the engineering approach to this skill is systematic and analytic. This type
of approach is found in troubleshooting processes because it is intrinsically related to
technological artifacts, and therefore requires capabilities to create, operate, choose, or improve
technology by design and modeling1.
Troubleshooting is a complex skill; it involves information management, overcoming failure,
and creativity, among others1,13-15. Learning process requires the learner be able to get to new
information, and deciding which information is useful, relevant, or well grounded, this requires
to develop information management skills. Likewise, during training, a person will experiment
failure, will commit some errors, but how to overcome these failures determines how the
learning process will evolve1,16,17. Moreover, the more alternatives the learner find, the more
possibilities to overcome failure. Creativity enables the learner to increase the alternatives he or
she can find while solving a particular problem9,18,19. When using creative thinking, designers
create different alternatives for a problem; these alternatives help them to overcome fixation
when addressing a problem with its requirements and constrains20-22. A creative person can
achieve higher troubleshooting skills due to fact that he or she will probably have more than one
solution for each problem, having to decide between alternatives. Decision-making, and
identifying possible solutions are part of troubleshooting and are needed by technologically
literates.
Context for Troubleshooting
The majority of the studies on troubleshooting mainly illustrate how this technological skill
brings benefits to the technology-related industry e.g. 23,24-32. Studies do not use troubleshooting as

a tool or strategy for learning, but as a goal to learn and apply in future technical work e.g.
26,30,31
. Even in non-technical work the core of the learning is in the learning process for
troubleshooting not through troubleshooting33,34: For example in research examining
troubleshooting skills of teachers who are integrating technology into the classroom35,36 the
research does not focus on how troubleshooting is a vehicle to teach technology, but how to deal
with technological artifacts in case if a problem occurs, for instance, computer or printing
malfunctioning.
Thesis statement
Little research has analyzed troubleshooting strategies and methods, useful to explain how this
skill can be use as a tool for learning 30,33,37. While previous studies indicate the importance of
domain knowledge to perform troubleshooting, we propose that troubleshooting can be used to
learn domain knowledge, similarly as a problem is used in problem-based learning as a tool to
construct new knowledge6. Troubleshooting can be developed through different domains of
knowledge, it is transversal to content, and therefore can be used by transferring previous
learning into other fields33. However, understanding how the system works or understanding the
field is needed in order to troubleshoot25,27,33.
Using previous knowledge
Jonassen and Hung33 state that there are two types of strategies for troubleshooting: domaingeneral and domain-specific troubleshooting. Beginning troubleshooters tend to use domaingeneral strategies but experienced troubleshooters apply domain-specific ones such as use of
previous knowledge of similar systems33,38. This difference of the use of previous knowledge is
similar as the use of previous knowledge in the learning process39,40. When the learners are able
to transfer similar problems learned before to new domains they can draw conclusions building
in existing cognitive structures, even though the problem maybe new for them38,41. The same
way, troubleshooters use previous analytical and recursive thinking34, they use procedural,
strategic, and experiential knowledge in order to solve a new problem33,42; they are learning new
domain-specific troubleshooting skills and content.
Using artifacts
One of the elements that makes troubleshooting a learning tool is the constant interaction with
artifacts. Some studies suggest that interacting with artifacts can improve the time a person is
focused on a specific task43,44. Evangelou and colleagues44 examine how the direct interaction
with artifacts can enhance not only the interaction time, but also the artifact’s usage. That is,
troubleshooting can provide a positive learning environment because the interaction with the real
artifact is intrinsically within the activity. For instance, when a technician is solving a machine
problem, if he or she interacts with the machine while making a diagnosis and making decision
on what to fix or change, the process will be easier than trying to solve a problem based in just
theory for solving a hypothetical problem45. Moreover, learners may remain more focused on
fixing the problem related to an artifact because of the belief that artifacts were designed for a
teleological reason46,47.

Making diagnosis
The development of some sub-skills within troubleshooting, such as diagnostics, gives the
learners an environment for developing analytical, systematic and logical thinking. Authors such
as Cash and colleagues4 and Johnson26 propose that to diagnose is an important skill for
troubleshooting. Jonassen and Hung33 explain the process of diagnosis by identifying the fault or
problem that is preventing the system to work: The diagnose of a fault in a system is the analysis
part of the troubleshooting process, where the person has to compile the information gathered in
previous steps, to draw a conclusion and in order to make the next action. The diagnosis is the
final stage of feedback, because the reflection on the information the system gives to the
troubleshooter is used to go a step further.
Using feedback
Permanent feedback is an equally important element for troubleshooting as for the learning
process. Ross and Orr34 explain how feedback is important to learn troubleshooting and how
feedback is incorporated in a process they call DECSAR as a review of the troubleshooting
process34. Likewise, other researchers include feedback as an important step in the
troubleshooting process19,25-27,29,30,33,37. These troubleshooting processes use feedback to make a
decision about a possible next step or to correct a previous erroneous action. However, as Hattie
and Timperley12 explain, feedback can be positive or negative, depending on how it is used.
They suggest that praise is not connected with effective learning, but when feedback is
constructed from previous learning it can be powerful for the learner.
Taking Hattie’s ideas into troubleshooting context help to explain this process as a learning tool.
The troubleshooter can receive immediate feedback about their actions because of the outcome
of the artifact he or she is fixing. If the action was appropriate, then the artifact’s outcome will
show a better level of working and the troubleshooter will have information about the action
happened and how the effect was achieved. The learner will be able to move forward to the next
stage of the troubleshooting process, making further decisions.
Figure 2 shows the four elements of troubleshooting that we have described. Those elements
promote an appropriate learning environment for the learning of technology domain knowledge.
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A strategy for the learning of technology domain knowledge
Because of the elements previously examined we suggest that troubleshooting is a good tool for
learning; however there is an important final element missing for the learning to occur, the
reflection on the troubleshooting activity in order to generalize the process that has been
examined. As several researchers state e.g. 12,30,33,42, the reflection activity is an important part of
the learning process. This type of reflection differs from what we previously identified as
feedback, because the feedback is immediate, but the reflection during the entire troubleshooting
episode requires time to analyze the decision process and to revise how the feedback was
received, depending on different decisions. If the troubleshooter does not make a pause to
analyze how the last problem differed from others, which new content was needed, or how the
problem solving procedure had changed, the learning will be minimal. Similarly if the process
was difficult, the learner will remember it better according to Jonassen and Colleagues42,48,49.
Without reflection interacting with feedback may turn into a trial and error task and not a
deliberate action, therefore a troubleshooter might not learn why the goal is achieved.
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Transferring troubleshooting in order to become technologically literate
We suggest, using troubleshooting as a learning tool for non-engineer adults, is an effective tool
to close the gap of technological literacy between industry needs and workforce capabilities.
Thus, some elements of troubleshooting, such as utilization of previous knowledge, immediate
feedback with reflection (meta-cognition), constant interaction with an artifact (active process),
or relatedness with real life (using work place problems to troubleshoot), may promote
transferring knowledge from a situation to other47.
The need of previous knowledge in order to diagnose the fault of a system, promotes the transfer
of knowledge because diagnosing requires in-depth knowledge and therefore the troubleshooter
demands relevant information of the problem. This demand of previous knowledge is engaging
novices to inquiry about the specific knowledge domain, while gives to experts the possibility to
apply their previous knowledge for diagnosing the fault33,40.
The immediate feedback troubleshooting offers to the learner probably supports the transfer
process. Feedback allows the learner to reflect on the outcome, and therefore the troubleshooters
will try to understand instead of memorize the action or procedure that triggered the particular
outcome, and, as Bransford, Brown, and Cocking suggest47, higher levels of understanding imply
higher levels of transfer.
Feedback in troubleshooting can promote a higher order of thinking in learners and therefore
they can use experiences and conclusions in a different problem or artifact to troubleshoot.
Interaction with the artifact engages the learner with the task, consequently the amount of time
invested for understanding the system and its fault will increase, as well as the learning
process47.

Finally, using the workplace, as a learning environment will increase real problem context, hence
the motivation will raise47,50-52 and the learning process will promote transferring learning into
new contexts and levels of complexity.
Conclusion
When a person does troubleshooting, the outputs of the process provide feedback to the
troubleshooter, who can reflect about those results and take an action according to his or her
decisions. Through the process of fixing a technology artifact, the learner can close the gap in his
or her technological literacy. Likewise, the permanent feedback, which occurs during
troubleshooting process, maintains a high level of motivation during the task until the goal is
achieved.
Using troubleshooting elements such as interaction with an artifact, previous knowledge,
feedback, or diagnosing skills can promote a positive learning environment. The constant
interaction of a troubleshooter with an artifact may cause an increment of the time invested in the
task. Likewise, using previous knowledge lead to connections between experiential knowledge
and actual problem. Finally, feedback promotes a constant interaction between troubleshooter’s
decision and artifact outcomes in order to draw conclusion about the system’s faults and
therefore developing diagnose skills.
This appropriate learning environment is intrinsically related to technological literacy because of
the interaction with the artifact, which is technology itself.
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