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Computer technologies are widely used to facilitate teaching of creative problem solving and to help engineers in their day-

to-day work. To ensure effective utilisation in engineering practice, it is imperative to better understand the problem

solving process itself. This research used an exploratory approach (Grounded Theory) to understand the complexities of

engineering problem solving. Interview data from 22 engineers ranging from novice to experts, including 15 male and 7

female engineers were discussed. The participants believed that problem identification is the most crucial stage in good

problem solving. ‘Options’ were identified as deterrents to long-term development of problem solving ability. It was

established that it is necessary to boost self-efficacy of young engineers and make them willing to face challenges despite

‘options’. Participants also suggested that conscious understanding and awareness of their ownproblem solving strategy is

vital to the development of their problem solving skills. Findings from this paper provide new insights on how engineers

develop their problem solving skills and can be used to improve existing theories on problem solving. These findings have

implications on general educational strategy, as well as the development and implementation of computer technology for

engineering problem solving.
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1. Introduction and literature review

Since the start of the 21st century, technology in

education has become prevalent. Computer-based

tools are widely used in the teaching of creative

problem solving within the engineering field, espe-

cially in areas of problem representation and idea
generation [1]. While technology is expected to

assist the problem solving process, long term effect

of it on creative problem solving ability is still

unclear. Some researchers suggested that if not

deployed properly, computer-based tools may in

fact have a negative impact on the development of

students’ creativity [2–3]. The understanding of

basic concepts and skills which are essential for
advancing problem solving skills is sometimes

negated by the use of softwares [3]. Inappropriate

application can even disrupt creative momentum

[4]. While implementation of technology is to be

encouraged, it should be done in a way to ‘help

engineers become the best thinkers they can’ [3, p.

64]. In order to achieve effective utilisation of

computer technology in problem solving, it is
imperative to first understand how people go

about solving problems.

Aproblem is oftendefined as anunusual situation

that does not have apparent solutions [5–7]. It is

well-established that problem solving requires a

number of key steps: (i) understanding the problem,

(ii) planning, (iii) execution and (iv) re-evaluation

[7–9]. Therefore, good problem solvers are expected
to possess well-developed abilities to identify and

analyse a problem, select and organise relevant

information, represent the problem, translate rele-

vant information towards finding a solution, iden-

tify one or more solution strategies as well as to

apply and evaluate these strategies [10].

Most research findings on problem solving come

fromfields of chess,mathematics, physics or puzzles
[7–8, 11–12]. Problems in these domains are usually

well-defined and only have one correct solution.

Problems encountered by engineers in their day-

to-day activities are ill-defined and answers are

seldom right or wrong [13]. Engineering problems

are complex and require creative solutions. Engi-

neers are expected to be capable of identifying

technical nature of the problem, achieving a solu-
tion and also evaluating the impact of the solution

to a whole system/environment [14]. Consequently,

it is imperative to unravel the specifics of problem

solving in semantically-rich domains that mimic

real-life engineering problems.

It is well-known that engineering education is

specifically focused on developing students’ ability

to solve problems [15–16]. Despite significant body
of research on teaching problem solving to engi-

neers [17–22], a standard evaluation system has yet

tobe devised. The standard of goodproblem solving

is often up to the researchers’ interpretation [23]. A

recent study suggested that good problem solvers

are expected to possess the following traits: (i) they

freely apply logic, (ii) use theoretical knowledge, (iii)

undertake research, (iv) understand the problem
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well, (v) talk it overwith others, (vi) plan, (vii) reflect

and (viii) have an open-mind [24–25].

Previously the authors found that novice engi-

neers expect good problem solvers to (i) have a
holistic view on a problem, (ii) be open-minded,

(iii) take sufficient time to solve problems and, more

importantly, (iv) positively motivated [26]. It was

also found that after learning problem solving tools,

students’ self-perception of their problem solving

capacity increased. This impacts their motivation

when facing problems. This self-perception of being

capable, known as self-efficacy, impacts the will-
ingness of students to face future problems [27]. This

finding was supported by Bandura who proposed

that ‘people who have strong beliefs in their cap-

abilities approach difficult tasks as challenges to be

mastered rather than threats avoided’ [28, p. 39].

2. Aim and methodology rationale

The aim of this research is to better understand

problem solving process from the perspective of
engineers. In particular, the purpose of this study

is to foster better understanding of what good

problem solving is and how engineers develop

their problem solving ability. As problem solving

performance involves numerous inter-dependent

factors [29], a quantitative approach may not be

sufficient to capture the complexities. An explora-

tory qualitative research approach, Grounded
Theory [30] suggested by Corbin and Strauss [31]

was used in this study. The following research

questions are considered in this study:

� What is good problem solving from the perspec-

tive of engineers?

� How do engineers go about learning problem

solving?

3. Data collection and analysis

Data presented in this paper was collected using

taped semi-structured interviews conducted

between 2009 and early 2011. Initial participants

were recruited from a problem solving elective at
RMIT University and also from various engineer-

ing organisations. These participants helped to

recruit other participants via snowball-sampling.

The interviews were carried out in cycles (Fig. 1)

as in theoretical sampling. In theoretical sampling

‘the researcher takes one step at a time with data

gathering, followed by analysis, followed by more

data gathering until a category reaches a point of
‘‘saturation’’’ [31, p. 146]. The focus of theoretical

sampling is to follow up on leads that emerged from

the data until no new themes are discovered. In this

research, after each cycle, the interviews were tran-

scribed and analysed by the main author. Interview

questions were then adjusted to ensure that better

data acquisition can be achieved in the next cycle.

The first cycle included 7 participants, the second
6 participants and the third cycle involved 9 parti-

cipants. Data saturation was observed when carry-

ing out the third cycle, resulting in a total of 22

engineers interviewed (Table 1). Participants ranged

from novice to experts, including 15 male and 7

female engineers.

Interview questions were used as guides but the

participants were encouraged to talk as freely as
possible about the topic. Questions included how

they went about solving problems, examples of

good problem solvers and how problem solving

can be learned or taught. As the interview pro-

gresses, additional questions were added to probe

deeper for someof the underlyingmeanings in issues

that the participants had raised. Questions such as

‘why did you say that?’ or ‘what do you mean by
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Fig. 1. Data collection and data analysis process.

Table 1. Participants demographic

No. of participants No. of work experience in full-time engineering field Classification

6 0 years (Students and recent graduate with no work experience
in the engineering field.)

Novice Class 1 (N1)

6 1–5 years Novice Class 2 (N2)

3 6–10 years Mid-level (M)

7 >10 years Experts (E)



that?’ were used. Throughout each interview, the

main author would also paraphrase to check with

the participant that her interpretations of what the

participant said were accurate.

On top of carrying out analysis after each cycle,

an overall analysis was also carried out when data
collection concluded. Analyses were carried out in

different ways and a number of times to get better

depth of understanding of the data and to ensure

rigorousness. For example, the transcripts were

initially micro-analysed with the help of NVivo

software to identify common themes. The main

author also listened to all the recording again to

get an overall understanding. Once emerging
themes have been identified, the main author went

through the transcripts to extract the relevant

quotes. One of the main issues faced when using

qualitative methodology is that analyses are subject

to personal biases. In Grounded Theory instead of

trying to suppress biases, the analyst is made more

aware of personal preconceptions by the use of

memos, diagrams and reflective journal. By enga-
ging in self-reflection exercises while analysing data,

a researcher is more likely to be more aware when

he/she is slanting the data [31]. Verification of results

with participants is paramount to ensure validity.

This also enables a researcher to bemoremindful of

personal biases and help to negate personal assump-

tions in the analyses [31]. All these processes are

consistent with the practice of ensuring rigour and
validity in a qualitative approach [31–32]. Due to

these reasons, it is impossible to rush into conclu-

sion quickly when working with Grounded Theory.

The use of thismethodology requires longer time for

thorough analysis. However, the use of Grounded

Theory certainly allows a researcher to capture in-

depth and rich data.

4. Findings

From the analyses, the following major themes
emerged: consideration of problems as a whole,

understanding the problem, the effect of assump-

tions/perception, learning through life-experiences,

the detrimental effect of ‘options’, understanding is

the key to learning and, the role of self-efficacy in

transferability. The next sections would discuss and

explain each theme and how they are related.

4.1 The importance of the problem identification

stage

The participants believed that problems within the

engineering fields require considerations into other

areas, for example the environment. The partici-

pants interviewed in general agreed that good pro-

blem solvers are able to consider problems in all

aspects (Fig. 2). This concept is further strengthened
by a comment from one of the participant stressing

that problem solving requires a full consideration of

the limitations that exists in the problem:

‘. . . I’ve been a part of team of people who problem
solve and brain storm on what are some ideas and
taking into considerations the limitations ofwhat you can
and can’t do. Take into consideration timeframe, taking
consideration howmany people you’ve got to do that and
what happens if you break one of rules.’ (M3)

In fact, participants indicated that understanding

the problem in the first place is crucial for engineer-
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ing problem solving (Fig. 3). They considered this

aspect to be the key to whether or not the problem

gets resolved well. The participants also recognised

that the way a problem is interpreted is influenced

by the problem solver’s perceptions and assump-

tions (Fig. 4).
One participant’s comment gave an example of

how misanalyses and assumptions can impact a

project outcome:

‘. . . only a couple of weeks ago actually we got a
problem with one of the projects. So basically we
almost finished the project but what we found . . .

when we were about to test it whether it was working
or not, we found another problem. . . We managed to
find another problem because we tried to fix one thing.
The 2nd problem actually was not analysed
properly because it was out of the scope of the project.
When we tried to do the project, we assumed that one
of the testing procedures is actually working. But
when we tested it we found out that it was actually
not working. That’s why we couldn’t test all of the
project.’ (N2-1)

Comments from the participants suggest that the

most important stage in effective problem solving is

the problem identification stage.
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Fig. 3. The importance of understanding the problem theme and examples of quotes from participants.

Fig. 4. The effect of assumptions in problem analysis theme and examples of quotes from participants.



4.2 The development of long-term problem solving

skills for transferability

When the participants were asked about learning

problem solving they indicated that the best learn-

ing comes from life experiences. Participants con-

sidered problem solving learned from life

experiences to be of more value as seen in the

comments below:

‘It’s something that youdevelop through life.You can’t
learn this in a course.’ (N2-3)

‘[learning problem solving] I think life it does. Life
does. I think not just courses, I think it’s life’ (E1)

‘Life experience, attitude. And to a certain extent how
you solved problems in everyday life. Even before you
learned it in uni.’ (N2-6)

One participant explained the difference between

learning problem solving in a university setting and

real life:

‘. . . in university we learn a bit of decision making. We
do a lot of projects at [name of university], small
projects, and presentations, which is helpful. But the
main thing is when dealing with real life, you can’t make
big mistakes. In university if you make a big mistake
you can actually come back to your lecturer and say
sorry. Or your lecturer can fix it for you.’ (N2-1)

Learning from mistakes is actually valued by the
participants. Some of the participants considered

making mistakes as an important process because

when the way they understand things are constantly

challenged, they learn better (Fig. 5). They believed

learning in this mode results in a knowledge devel-

opment that is more ‘‘sticky’’ in their brain. They

considered learning that resulted from a change of

perception deepens their understanding. Reponses
from the participants suggest the more they are

exposed to problems, the more they become aware

of the way they approached it, and this awareness

helped them to develop their problem solving skills

as seen in the comment below:

‘. . . if you were told or shown by someone I don’t think it
will ever work quite as well . . . you don’t have the
reasoning behind it, while if you thought through a
process all the little steps some worked some didn’t but
if someone tries to say think about this and think about
this you are only going to think about the 5 things he
told you. You might miss the sixth thing that he didn’t
tell you.Or the 6th thing that cameup in a situation that
is slightly different to the one he taught you about.
Whereas maybe if you had done that process yourself
you have the ability to think outside the box a little more
and consider it more broadly . . . [in addition] if you are
left alone you have to search those things out for yourself
a little bit more. That makes you a stronger engineer
because you’ve sought that knowledge yourself rather
than being told it.’ (M2)

The other difference between learning from life and
learning in a formal educational setting is ‘options’.

‘Options’ was identified as anything that makes

problem solving easier such as external help (Fig.

6). ‘Options’ can also include policies that allow a

problem solver to choose not to face challenges. In

particular, ‘options’ can take away the need of

understanding making knowledge or learning less

‘‘sticky’’ for future use. One student interviewed,
despite having learned problem solving formally

said:

‘I didn’t knowanything. I just answeredwhatever I came
up with at first and I didn’t even bother using the Su-
field. I just think the answers first then use Su-field. . .
I’m like the person who relies heavily on others. They
know me. I’m like the person who during exam time,
most people come to me as they think I know the answers
as I’ll get it from someone.’ (N1-2)

In contrast, another participant stressed the impor-

tance of challenges to the development of problem

solving skills:

‘I found that the courses that I got the most out of were
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Fig. 5. Challenging understanding theme and examples of quotes from participants.
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Fig. 6. Detrimental effect of ‘options’ theme and examples of quotes from participants.

Fig. 7. Role of self-efficacy in transferability theme and examples of quotes from participants.



the ones where I was forced to do work myself and figure
it outmyself. I was a bad problem solver until I was forced
to do it, to figure it out for myself.’ (N2-5)

The participants also recognised that the key to

developing problem solving skills is self-efficacy.

Since transferable learning requires overcoming

challenges, self-efficacy is considered to be vital.

The participants believed that self-efficacy can
drive the person’s ability and motivation to learn

and transfer the skills that they have learned from

one problem to another (Fig. 7).

5. Discussion

The participants in this study considered good

problem solving as ability to solve problems as a

whole—treating any engineering problem as an

integral part of a bigger system. This is particularly

important as engineering problems seldom exist in

isolation. In contrast to recent research findings

[10, 24–25], participants in our research had a
simplified view of what exactly good problem sol-

ving should encompass. Typically, good problem

solvers are expected to be able to identify a problem,

get a solution and evaluate the solution. Partici-

pants in our research were more specific—they

insisted that the key to good problem solving rests

in the problem definition stage. Similarly, Sobek II

& Jain found strong relationships between client
satisfaction, which they used as a measure for

‘‘good’’ problem solving, and activities related to

problem definition [23]. Litzinger et. al. also sug-

gested that problem solving errors are usually a

result of poorly analysed problems [21]. Therefore,

it is imperative that young engineers should learn

proper procedures for problem identification.

Adams et. al. found that many academics think

that students are focused too much on understand-
ing questions rather than identifying and develop-

ing methods [24]. Our findings reveal that

understanding problems well is pivotal for good

problem solving. The capacity of a problem solver

to establish sound solutions is determined by his/her

ability to identify the problem correctly. Therefore,

we recommend problem solving methodologies

need to assist with problem identification and pro-
blem analysis. Specific problem solving methodol-

ogies such asTRIZ can assist with problemanalysis.

Tools within TRIZ help to break down complex

problems enabling novices to view problems from

different perspectives [26]. It was found that even

simple strategies such as self-explanation can assist

with problem analysis [21]. We conclude that it is

vital for young engineers to learn methodologies
that assist with effective problem representation.

We also discovered that problem representation

is very much influenced by the assumptions and

beliefs of a problem solver. It is well known that

prior experience and domain knowledge impacts

problem solving. We discovered that the problem

solver’s interpretation of the world significantly

influences his/her understanding of the problem.
This finding is supported by the work of Carlson

& Bloom. They observed that expert decisions were
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impacted by beliefs about mathematical concepts

[7]. Open-mindedness, a theme that emerged from

our earlier research and from the research ofAdams

et. al. [25–26] may minimise biases that a problem

solver has. An open-minded problem solver is more
likely to consider more aspects of a problem, thus

carrying out better problem representation and is

more likely to come up with more solution options.

With open-mindedness, a problem solver is more

capable of considering problems holistically with-

out being bounded by his/her prior experiences. The

links between the themes of good problem solving

are summarised in Fig. 8.
Adams et. al. suggested that learning problem

solving skills can be facilitated by group work,

project work, and extensive practice. They also

suggested introducing effective processes and meth-

ods, improving theoretical/practical knowledge as

well as creating motivating learning environments

as means of improving the education of engineers in

problem solving [25]. Our research established that
the way to enhance problem solving ability is not

that simple. While problem solving methodologies

can be taught, problem solving ability is learned.

Two problem solvers can be taught the same meth-

odology. Whether both are able to apply it into

other context is dependent on the person’s will-

ingness and ability to learn what was taught. Parti-

cipants in our study suggested that learning
problem solving from life is more valuable in

terms of developing their problem solving ability.

This observation raised an interesting question of

how learning problem solving from life differs to

acquiring problem solving skills at university.

When learning in formal educational settings,

‘options’ are prevalent for learners. ‘Options’

refers to anything that offers learners opportunities

to avoid challenges. In essence, ‘options’ enable a

problem solver to take an easy way out or to solve a

problem too quickly (and poorly). In education,

strategies such as working in groups are highly
encouraged. While working in groups helps novices

to develop their communication skills, it can

become a deterrent to the development of transfer-

able problem solving ability when engineers become

overly dependent on the help of other people. For

example, one of our participants (N1-2) stated that

his problem solving strategy is to ask people. He

mentioned that he did not feel the need to learn as he
can ask someone else. He also indicated that while

he didwell in areas hewas helped, he did not succeed

in areas where he had to apply knowledge on his

own. This example indicates the lack of transfer

when people rely on ‘options’. Participants in the

study of Adams et. al. considered talking or asking

people for help as part of the problem solving

process [25]. While we believe that consulting
others is important in assisting problem solvers to

stay open-minded, we advise problem solvers to be

cautious when using people’s help as a sole strategy

for problem solving.

Ability of a learner to propose answers quickly is

often commended at university. The emphasis on

getting a solution quickly can bemisinterpreted by a

learner discouraging him/her from sound under-
standing of the importance of a proper solution

process. We believe that this is detrimental as it

negates the need to really understand the reasoning

behind the solutions. Our data suggest that under-

standing of reasoning during problem solving as

well as thinking about the solution process makes

learning effective, enabling better transfer. When a
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problem solver gets to the right answer too quickly

without really understanding the rationale behind

the solution, schema acquisition is hindered [11].

Our data also suggests that thismay inhibit transfer-

ability.

The use of technology can be perceived by pro-
blem solvers as ‘options’ too. It was reported that

computer-based tools that were usually made avail-

able as part of engineering training were used with-

out much understanding of what these tools really

do [22]. By suggesting a quick design solution,

computer software may obscure the need for stu-

dents to learnbasic domain skills that they require in

engineering problem solving [2–3].Moreover, Jandt
and Schueler-Hainsch reported the use of software

without some knowledge of the problem solving

methods underpinning the software can be ineffec-

tive [4]. This finding is consistent with opinions of

our participants who suggested the understanding

of how they solve problems is vital to the develop-

ment of their problem solving skills. Thus, we

propose problem solvingmethodologies that under-
pin software tools need to be made explicit to the

users.When problem solvingmethodology has been

well comprehended, engineers become more aware

of the underlying principles and the limitations of

software. This is also more likely to promote the

understanding that technology is a tool that can

assist problem solving, but not a substitution for

actual problem solving itself.
Carlson andBloomnoticed self-belief impacts the

decisionmaking process of experts [7]. This research

identified self-efficacy, the self-belief of the problem

solvers’ ability to solve problems, as the key driver

of transferability. It is quite possible that high self-

efficacy can overcome the negative influence of

‘options’. Bandura argued that self-efficacy ‘contri-

butes to the acquisition of knowledge and develop-

ment of subskills, as well as drawing upon them in the

construction of new behaviour patterns. . . through the

proactive exercise of efficacy belief in self-develop-

ment, capacity is converted to capability’ [28, p. 61].

This is fully supported by our data. Nonetheless,

we need to be aware that while self-efficacy can

improve transferability, ‘options’ can also negate

self-efficacy:

‘People may possess the skills needed to accomplish a
task and a strong sense of efficacy that they can execute
them well but still choose not to perform the activities
because they have no incentive to do so . . . they are
prevented by external impediments fromperforming to
the level of their efficacy beliefs.’ [28, p. 68]

As mentioned previously, problem identification is
affected by the problem solvers’ assumptions.

Therefore, it is likely that a problem solver will be

able to understand a problem better and solve it

more effectively by changing his/her perceptions

about it. This was supported by our participants

who suggested that the changes in the way they

perceive problem occur through continuous re-

evaluation of their assumptions and knowledge.

This process also helped with their problem solving

skill development. These findings are supported by
Bandura:

‘. . . transforming thoughts into action operates
through a conception-matching process. Conception
of skills serves as guides for developing competencies
and as internal standards for improving them. Con-
ceptions are rarely transformed into appropriate per-
formances without error on initial attempts . . .
observing one’s enactments provides the information
needed to detect and correct mismatches between
conception and action. If people do not monitor what
they are doing, efforts to implement a good conception
will not produce proficient action.’ [28, p. 26]

The relationships between self-efficacy, ‘options’,

understanding of knowledge, and transferability

are presented in Fig. 9. Reiterating what our parti-

cipants have suggested, the conscious awareness of
assumptions, knowledge, strategy and problem sol-

ving enables the problem solver to build up his/her

knowledge. We believe this enables the problem

solver to utilise knowledge more effectively even in

new situations.

There are several implications in our findings on

educational strategies for teaching problem solving

to engineers. Problem solving strategies taught to
young engineers should focus on problem represen-

tation. Methodologies that focus specifically on

problem identification should be taught to under-

graduate students explicitly.We believe that when a

methodology is taught explicitly, learners are more

likely to be aware of the problem solving process

and the reasoning behind the solution steps. We

found that awareness of howone goes about solving
problems is vital in long-term development of pro-

blem solving skills. While, methodology can be

taught, assumptions, which impact problem identi-

fication, are personal to the problem solver. Instead,

it is important to boost self-efficacy so that young

engineers are willing to face challenges despite the

presence of ‘options’. Learning a systematic meth-

odology can lead to better self-efficacy. In addition,
instead of focusing on getting the right answer,

young engineers should be made aware that

making mistakes is a part of learning, and, thus,

personal reflection is paramount. The constant re-

evaluation of assumptions and beliefs is vital to the

development of transferable problem solving abil-

ity.

Specific to the utilisation of technology in inno-
vative problem solving, we caution that technology

should be used with thought and care. Given the

ease of getting to solution ideas using computer-

based tools, it is important to make sure that
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computers will not become an ‘option’. Technology

is a tool to enhance problem solving, but not a

substitution for it. Instead of focusing on idea

generation only, we recommend that computer-

based tools should focus more on helping users to

identify problems better. Computer-based tools can
assist with problem representation by making rich

complex links that exist within the engineering

problem more visible to the users. Computer-

based tools should also tease and question users

on underlying assumptions making them aware of

their own biases. The basic understanding of the

methodology is crucial even if it has been adapted

for computer use. The rationale behind and limita-
tions of the technology should also be clearly under-

stood by the users.

6. Conclusion

The findings of this research offers new insights on

what engineers perceive as good problem solving

and how they develop problem solving skills. The
outcomes of this research can be used to improve

existing models on problem solving. Two major

aspects have been discussed in this paper: the role

of problem definition in engineering problem sol-

ving and the ways long-term development of pro-

blem solving skill can be enhanced for engineers.

As this paper is part of an ongoing PhD research,

findings are continuously refined. Comparisons
were also made between the responses of the

novice and expert engineers in the study. Other

themes with deviation in opinions from the different

groups emerged from the rich data pool but were

not discussed in this paper.WhileGroundedTheory

technique has helped us deepen our understanding

of problem solving from perspective of engineers,

further verification needs to be carried out. This is to
ensure the findings are not limited to the interview

sample size. A pilot questionnaire is being designed

and will be disseminated to capture data frommore

engineers. Results from the questionnaire need to be

analysed using confirmatory factor analyses and

compared against the interview data. Further

options of triangulation of data are being consid-

ered. Despite some limitations in this research,
findings presented in this paper have implications

on educational strategies as well as on development

and implementation of computer-based tools to

achieve effective and long-term improvement in

bothproblem solving skills of engineers and creative

outcomes of their work.
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