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PAPER

The Nature of Project Management Found in Nature: 
Comparative Study at High Education Institutions

ABSTRACT
This research’s urgency is evident from the growing gap between students’ expectations 
and what universities are able or willing to provide. The theoretical background is based 
on constructivist learning theories and a praxiological approach. The parallel group method 
laid the basis of this study design when comparing project management students from two 
universities, A and B. In addition, a specific pedagogical experiment in the forest was imple-
mented at University A. The experiment lasted one academic year and included a total of 179 
students. Work breakdown structure, the Critical Path Method, resource management, plan-
ning, manipulative business practices, and the role of team members were demonstrated in 
parallel with bees, ants, bumblebees, wolves, zombie mushrooms, squirrels and orangutans. 
Experimental intervention at University A has led to higher point scores on achievement tests 
compared to University B students and brought other remarkable findings, “aha” moments 
and answers to the assigned research questions: What key moments increase student engage-
ment during the class (1), and what are the findings and recommendations for future project 
management pedagogy (2). This study combines quantitative and qualitative methods, includ-
ing bio-mimicry analogies, parallel group technique, focus groups, action- and game-based 
learning, achievement test, and statistical tests.

KEYWORDS
project ecosystem, forest ecosystem, biomimicry, achievement test, focus groups, 
game-based learning

1	 INTRODUCTION

The complexity of today’s world requires project managers who can demonstrate 
depth and creativity of mindset. The new keys to efficiency and prosperity are novel 
ideas, emotional intelligence, critical thinking, visionary behaviour, the use of per-
sonal strengths of project team members and insight [1]–[4]. When looking for a 
solution to any problem, we can find inspiration in how systems work in nature [5]; 
patterns are everywhere in the great outdoors and can be observed in structures, 
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events, and interrelationships [6]–[7]. Nature is 3.8 billion years ahead of humans, 
so it would be wise to use this massive stock of “research and development” [8]–[9], 
such as obtaining and using resources (essential for the project), processing infor-
mation and reproducing it. Biomimetics (biomimicry) studies living organisms, their 
structures and composition to imitate their properties and use them to develop new 
technologies or solutions to current problems [10]. Biomimetics is the application of 
lessons from nature to people, societies, and organisations, even applicable to proj-
ect management—while encouraging students to be positive agents of change in the 
world [11]–[14].

However, the actual situation in the education sector is far from this idea. At most 
universities, project management is regarded as a subdiscipline and trans-functional 
discipline at the same time [15]. Organisations, universities, students and profes-
sional bodies consider project management as a set of methods, techniques and 
tools interacting with other fields to bring something new [16]–[18]. This situation 
responds to the positivist paradigm. Geist and Myers [19] recommend combining 
hands-on activities with theoretical approaches to project management pedagogy.

Teaching and learning have been identified as significant issues in the debates on 
the re-evaluation of project management, which is supposed to consist of changes 
in the conceptualisation of management, a focus on soft skills and the acceptance 
of the fact that a “one-fits-all” approach is not viable [20]–[22]. Other reasons for 
the transformation of educational activities are today’s “shrewd, knowledgeable and 
media-savvy” students who have different expectations from higher education than 
they currently receive. This fact calls for a change in the student-teacher relationship 
within higher education [23]. Educators need to become coaches and facilitators of 
learning [24]. Such changes, however, encourage students to extract meaning from 
interpreting information rather than being passive recipients [25]–[28]. All these 
challenges led to these research questions:

RQ1: Do forest parallels contribute to increased student engagement and better  
outcomes?

RQ2: What are the findings and recommendations for future project management  
pedagogy?

1.1	 Research design considerations

Two primary influences shaped the study design: constructivist theories of learn-
ing [29]–[32] and a praxiological approach [33]. Teacher-as-researcher implemented 
an extraordinary pedagogical experiment in the forest to connect learning and prac-
tice into one unit. Green spaces of nature provide a neutral ground for shared activ-
ities [34]. Environments rich in biodiversity directly affect the outcomes of people 
engaged in these activities [35]–[41]. The experiment aimed to increase students’ 
engagement and improve their educational results. The following hypotheses were 
determined.

H0:	 No difference in point scores between UnivA and UnivB groups will exist.
Ha:	 Issues explained on forest ecosystem will lead to higher point scores in the 

achievement test compared to the control group at UnivB.

This study combines quantitative and qualitative methods (bio-mimicry analo-
gies, Focus Groups, parallel groups, and statistical tests).
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2	 MATERIALS AND METHODS

This empirical research is based on systematic cognitive activity, data collec-
tion techniques, and observation of events and processes, followed by process-
ing and interpreting their results. The teacher-as-researcher is also the primary 
instrument for data collection and analysis. The driving force of the praxeological 
approach is the experiment, which is carried out to verify the initial assumption’s 
validity. In the pedagogical experiment, at least two parallel groups of students 
with similar compositions are assumed, and the effect of the intervention is eval-
uated [42]–[45]. The “parallel groups” method [46]–[47] was used when compar-
ing two groups. This technique achieves more reliable results (compared to the 
method of one group). The data was collected from September 2021 – June 2022. 
For one academic year, the teacher-as-researcher focused on working with two 
selected groups of students at UnivA and UnivB. Learning objectives and compe-
tencies were almost identical.

A project manager-practitioner was also engaged at higher education institu-
tions and supplemented the teacher’s explanation with examples of good prac-
tices. Standard evaluation and summative assessment were practised at the UnivB, 
where the experiment was not carried out. Instead, the experiment was realised 
at UnivA and was based on action- and game-based learning [48]–[54]. Some proj-
ect management issues (topics) taught at UnivA were moved to the forest environ-
ment, where the teacher-as-researcher demonstrated Work Breakdown Structure 
(WBS), the Critical Path Method, resource management, manipulative practices, 
and the role of team members in the examples of wild animals. Students worked 
in five-people teams [55], searching for similarities between humans and wild ani-
mals through observation, action- and game-based learning, brainstorming, and 
mind maps.

The effectiveness of both teaching methods is represented by the knowledge 
achieved by the students at the end of the experiment, measured by the achieve-
ment test [56]–[58]. A criterion-referenced summative achievement test was 
chosen with broad open tasks requiring a more extensive answer, which are suit-
able for solving problem situations. The results are shown in Table 1 – Student 
Performance. When evaluating the responses, weighted scoring was used, assign-
ing different points to the tasks according to their difficulty. The minimum success 
rate was 60%.

The evaluation of the results differed due to the number of points allocated to 
individual questions. Twenty was the maximum number of points that could be 
obtained for each question, with the minimum being four. In the evaluation in the 
results section, the given range of possible points is then awarded for each question. 
The character of the assessment corresponded to the ordinal scale [59]. Kolmogorov-
Smirnov, Shapiro-Wilk, and Mann-Whitney U tests were used for preliminary data 
set testing to find possible parametric distribution [60]–[62]. Due to the dual charac-
ter of the data, it is presented as the median with lower and upper quartiles and the 
mean ± standard deviation in the descriptive statistics. If students refused to answer 
the question, this answer was counted as a missing value (not substituted by zero) 
[63]–[65].

A moderated discussion (Focus Group) was also chosen to explore the participants’ 
attitudes and opinions. The output is usually information that would not appear in 
the questionnaire; thus, a deeper understanding of the problem is mediated. In addi-
tion, group atmosphere can reduce certain stereotypes and attitudinal patterns and 
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help reveal hidden and subsurface connections that would not be noticed in other 
types of research [66]–[67]. The experimental group participants were asked the fol-
lowing questions:

•	 Which analogy between the project and forest ecosystem do you find most compelling 
and applicable to the project’s teamwork?

•	 Which parallel with the forest ecosystem impressed the most and why?
•	 What animal behaviour is closest to human expression?

2.1	 Selected chapters demonstrated the analogy of project ecosystem – 
forest ecosystem

The Work Breakdown Structure was explained using the example of a beehive. 
A hierarchical work breakdown structure connects the WBS and the beehive.

Completed projects also require creativity and the use of teamwork strengths. 
A project team is a group assembled for a certain period to achieve a project goal 
within a set deadline. The team has precisely defined powers and a fixed financial 
budget. Team members may have different professions and may only meet for the 
first time at the start of the project, yet they must work together as one body. Team 
members must be able to communicate and cooperate effectively with each other, 
which was demonstrated in the analogy of a wolf pack. A pack of wolves includes 
individuals of various ages and is led by an alpha pair. The pack has strict social 
rules, which the alpha pair strictly requires of all members. The alpha male ensures 
tasks and lineage. Beta males are assigned the protection of the pack, which is why 
these individuals are the strongest and in the best condition. Wolves in a hierarchi-
cal position among these individuals are in charge of hunting and caring for the 
young. The wolf pack is an example of a collaborative, participative or transforma-
tional leadership model.

Ants and ground bumblebees (Bombus terrestris) discovered the algorithm for 
finding the Critical Path, which can plan their journey in such a way as to cover as 
few kilometres as possible [68]–[69]. Resource management was introduced to stu-
dents on fox squirrels (Sciurus niger), which have a system for sorting and gathering 
supplies for the winter; some of them sort nuts according to species, quality and 
personal taste preferences.

Planning is the dominant yet least popular activity of project managers. To moti-
vate course participants, the behaviour of orangutans was introduced. Orangutans 
announce their travel plans the night before by calling in the direction of their 
intended journey.

The course participants were introduced to the alien fungus Ophiocordyceps 
unilateralis attacking ants Camponotus. The spores of the fungus invade the ant 
through the cuticle, enter the nervous system and begin to produce a chemical that 
controls the ant; its internal organs are converted to sugar so that the fungus can 
grow better. The ant becomes a puppet, the fungus a manipulator—a pattern of 
parasitic and manipulative business practices.

3	 RESULTS

This section presents the similarities found between the project and the forest eco-
system in Tables 1–3 with the student’s performance, including achievement tests’ 
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evaluation (median, standard deviation, z-value, and p-value). Achievement tests 
contain 11 questions, which differ from each other in the number of points accord-
ing to their level of difficulty. This section also includes selected statements from 
Focus Group participants.

Table 1. Student performance C (UnivB) group (n = 92)

Question 
 No PM Task Range

C (UnivB) Group (n = 92)

Median
(Q1; Q3) Mean ± Sd

 1 WBS (bee hive, anthill) 10 points 6.00 (4.00; 8.00) 7.13 ± 3.42

 2 Planning (orangutan) 10 points 6.00 (4.00; 8.00) 5.45 ± 3.83

 3 Critical Path Method (ants, bumblebee) 20 points 14.00 (12.00; 16.00) 13.58 ± 4.10

 4 Financing (textbook) 10 points 8.50 (4.50; 6.50) 5.45 ± 2.15

 5 Project resources (Fox squirrel) 10 points 7.00 (4.00; 6.00) 6.50 ± 4.12

 6 Risks (textbook) 10 points 8.00 (2.00; 8.00) 4.82 ± 2.53

 7 Changes in projects (textbook)  6 points 2.00 (2.00; 4.00) 2.87 ± 1.23

 8 Control methods (textbook) 10 points 6.50 (4.50; 6.00) 4.31 ± 3.28

 9 Quality (textbook) 10 points 8.50 (6.50; 4.50) 7.58 ± 2.06

10 Unfair practices (zombie mushroom) 10 points 6.50 (4.50; 6.00) 5.45 ± 3.17

11 Project team (wolfpack)  6 points 4.50 (2.00; 8.00) 3.92 ± 2.83

Table 2. Student performance E (UnivA) group (n = 87)

Question  
No PM Task Range

E (UnivA) Group (n = 87)

Median
(Q1; Q3)

Median
(Q1; Q3)

 1 WBS (bee hive, anthill) 10 points 8.00 (7.00; 9.00) 8.00 (7.00; 9.00)

 2 Planning (orangutan) 10 points 7.50 (4.00; 8.00) 7.50 (4.00; 8.00)

 3 Critical Path Method  
(ants, bumblebee)

20 points 18.00 (18.50; 16.50) 18.00 (18.50; 16.50)

 4 Financing (textbook) 10 points 6.50 (6.00; 10.00) 6.50 (6.00; 10.00)

 5 Project resources (Fox squirrel) 10 points 8.50 (6.00; 8.00) 8.50 (6.00; 8.00)

 6 Risks (textbook) 10 points 8.00 (4.00; 8.00) 8.00 (4.00; 8.00)

 7 Changes in projects (textbook)  6 points 4.00 (2.00; 5.00) 4.00 (2.00; 5.00)

 8 Control methods (textbook) 10 points 6.50 (8.00; 10.00) 6.50 (8.00; 10.00)

 9 Quality (textbook) 10 points 7.50 (6.50; 8.00) 7.50 (6.50; 8.00)

10 Unfair practices (zombie mushroom) 10 points 8.50 (6.50; 10.00) 8.50 (6.50; 10.00)

11 Project team (wolfpack)  6 points 5.50 (4.00; 8.00) 5.50 (4.00; 8.00)
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Table 3. Mann-Whitney U test

Question  
No PM Task Range

Mann-Whitney U Test

Z Value p-Value

 1 WBS (bee hive, anthill) 10 points -3.76 <0.01*

 2 Planning (orangutan) 10 points -12.87 <0.01*

 3 Critical Path Method (ants, bumblebee) 20 points -7.18 <0.01*

 4 Financing (textbook) 10 points 11.64 <0.01*

 5 Project resources (Fox squirrel) 10 points -6.25 <0.01*

 6 Risks (textbook) 10 points -2.25 0.25

 7 Changes in projects (textbook)  6 points -6.35 <0.01*

 8 Control methods (textbook) 10 points -8.36 0.06*

 9 Quality (textbook) 10 points 13.05 <0.01*

10 Unfair practices (zombie mushroom) 10 points -6.12 <0.01*

11 Project team (wolfpack)  6 points -3.89 <0.01*

Higher values equal a better result. No differences between groups were found 
for questions (7) and (9), i.e., risk management methods (p = 0.25) and control meth-
ods such as Milestones Trend Analysis, Structure Status Deviation, and Earned Value 
Management (p = 0.06). Questions No. (4) and (10) dealing with project financing and 
quality management have positive z-value = 11.64 and z-value = 13.05, which indi-
cates that in these questions, the experimental group from UnivA was significantly 
worse compared to the control group from UnivB.

These phenomena may occur because these four topics were explained and pre-
sented to the students from a textbook, not by comparison with wild forest animals. 
Therefore, the teacher-as-researcher did not find suitable parallels or analogies for 
the abovementioned issues. Another reason could be that the experimental group 
(UnivA) had already adopted fieldwork in nature and could perceive the return to 
the classic textbook negatively. On the contrary, nothing changed for the control 
group (UnivB).

Project management is not only about using methods and techniques, but it is 
a specific philosophy and style of work, representing a particular way of thinking.

 It is a remarkable characteristic of humans to quickly understand new unknown 
facts using analogies (similarities, parallels) with another already known situation 
[22]. The analogy is a heuristic method of cognition based on structural isomorphism 
[23], [29]. At the beginning of an analogous situation, there is the nescience of some-
thing, which is to be overcome, clarified and enlightened by the previously known 
content. The effects achieved by this method are enhanced by the synergistic effect 
of teamwork (on which project management is based) [24]. The backbone of project  
management is the time-resource analysis of the project based on the Network 
Diagram, so it is necessary to know the algorithms and logic of its construction. The 
Critical Path is derived from the Network Diagram and is difficult for students to 
understand. For simplicity, an analogy between bumblebees and ants was used. The 
bumblebee does not fly across the meadow along the randomly chosen route. Every 
day, bumblebees solve a task that mathematicians call the “traveller’s problem”; they 
must plan their journey to visit all the cities while covering as few kilometres as possi-
ble [68]. The secret of ants’ sense of direction lies in counting steps and remembering 
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successive turns [69]. The WBS aims to break down the project into detailed activi-
ties so that responsibilities, effort, and time horizons can be assigned to them [2]. It is 
a tree-like hierarchical structure similar to that on which the cooperation of bees in 
a hive and ants in an anthill is based. Unfair business practices, teamwork, resource 
management and planning were explained using analogies with the natural ecosys-
tem, for which appropriate parallels with forest dwellers could be assigned. In addi-
tion, the subsequent research study could explore similarities in project financing, 
risks, changes, and control methods. Finally, practical recommendations for future 
project management pedagogy resulting from the results are given at the end of 
chapter 4.1. The experimental intervention at UnivA has led to higher point scores 
in achievement tests equaling a better mark. Therefore, the statistical test result sup-
ported the alternate hypothesis and rejected the null hypothesis.

3.1	 Results of a qualitative research survey using focus groups

Focus Groups help reveal certain hidden and subsurface connections that we 
might overlook in other types of research [66]. For the results of the Focus Groups 
to be meaningful, it was necessary to let the students express their differing opin-
ions eloquently using direct interaction [67]. Focus Group helped test new ideas, 
attitudes, values, most remarkable observations, and “aha moments” listed below. 
Individual agents are marked with the abbreviation A + No.

“Hierarchical position in human and wolf packs has its justified reason and thus 
ensures the pack’s safety, food and well-being. Communication is clear and legible. Wolves 
can use their strengths, and other team members compensate for their weaknesses; this 
can be used well in the team as well.” (A32)

“Finding food is a matter of economics. It will help if you consume less energy with it 
than you get from food. The longer you’re on the road, the less it pays off. So, does it make 
sense to look for the shortest path?” (A17)

“I was interested in how the individual elements of the bee colony are perfectly inter-
connected: the bee colony will disappear without the mother, and the drones and the 
mother will perish without the workers. The worker alone cannot survive low tempera-
tures, but the bee colony can easily survive severe frosts. Everything is linked together 
like WBS.” (A78)

“Effective teamwork is clear from the wolves’ hunting strategy; it is worth analys-
ing the situation systematically rather than blindly chasing prey. Leadership transition, 
coaching, and mentoring produce well-experienced future leaders.” (A65)

“Fox squirrels systematically store their supplies for the winter, sorting nuts accord-
ing to type and quality. Similarly, the project manager should manage the project 
resources.” (A19)

Focus Groups revealed deeper mind structures and cognitive action of emotions, 
specifically, how a particular impression affects attention, judgment, learning, and 
memory. If a specific learning objective was connected with an experience, it was 
better understood and remembered. It is clear from the participants’ statements 
how students think about a problem, what opinions appear among them and what 
influences their opinion. The Focus Groups showed what was attractive to the par-
ticipants and what they considered essential. They understood that time is critical 
in Project Management, as costs and resources depend on time management. The 
longer the project lasts, the more expensive it is. The most emotionally powerful 
was the video experience in which the parasitic fungus Ophiocordyceps unilateralis 
took control of Camponotus ants. Students understood that the learning process is 
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continuous and could not finish in a single course. As a value-add, they also reported 
reduced shyness, relationship building, creative skills increase, stress, fear, fatigue, 
sadness or anger reduction.

4	 DISCUSSION

The achievement test results indicate higher-point scores in the experimental 
(UnivA) group. It is now possible to answer RQ1: Do forest parallels contribute to 
increased student engagement and better outcomes? Student engagement can be 
understood as a positive, fulfilling state of mind associated with vigour, dedication 
and absorption and is manifested by active participation in academic activities and 
constructive communication with teachers [3], [22], [28]–[30]. An appropriate way 
to increase students’ engagement is to create conditions in which they formulate 
and present their ideas, let them share their opinion and see how it fits into the sur-
roundings [70]–[72]. Questions can be asked: In your opinion, which part of project 
management is your strong suit? The question is about them. Mass voting activated 
every student when it was necessary to determine the level of understanding of the 
whole class [31]–[32]. Voting was done simultaneously to ensure everyone voted 
and no one slipped by without participating.

The alternation of visual, auditory and kinesthetic teaching styles also contrib-
utes to the increase in engagement; the teacher-as-researcher implemented at least 
one activity for each learning style: illustrating concepts, taking notes, watching 
educational videos (visual), listening to podcasts, discussions (audial), experiments, 
movement in the forest (kinesthetic) [71]–[72].

The next step is to let students teach—giving them responsibility for the lecturing 
part of the curriculum. Sometimes, the teacher broke down the lesson’s structure 
and allowed students to choose how to proceed.

Issues that were explained analogously on parallels with wild animal habits 
and behaviour, using action- and game-based learning and fieldwork increased 
the interest and involvement of students. In addition, attractive environments, high 
levels of immersion in these spaces and how the information is delivered increase 
the long-term impact on knowledge gained and social values, corresponding with 
other authors’ findings [73]–[80]. Also, the involvement of experts from the project- 
oriented company and representatives of the employer sphere was desirable for 
transferring new knowledge from the practice to the higher education institutions 
and enabling a transition from school to the labour market. An expert from practice 
presents some topics and complements the interpretation with work experiences 
and the perspective of company practice [71]–[74].

4.1	 Limitations and possible follow-up research

However, this study has limitations that could open future research avenues 
within a possible longitudinal study.

Pedagogical reality is different from physical or biological reality, and therefore 
experimentation in pedagogy is much more demanding than experimentation in tech-
nology or natural sciences [19], [42]–[45]. Controlling all the components (variables) in 
a pedagogical experiment is almost impossible because teachers deal with a liv-
ing organism—a person [46]–[47]. Teaching students in such a way requires the 
teacher’s deep interest and expertise in the life science field.

https://online-journals.org/index.php/i-jep


	 116	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 13 No. 6 (2023)

Macháčková

Focus Groups also have limitations. Dominant individuals can influence the opin-
ion of the rest of the respondents. Some group participants may hide their points of 
view; conversely, other participants express more radical ideas, while in a personal 
conversation, they would not appear this way [66]. The presence of certain types of 
participants in the group will also influence the speech and opinions of others. The 
data obtained are also more demanding to analyse [67].

The Kolmogorov-Smirnov test also has several limitations: It is suitable for assess-
ing differences in the composition (structure) of two groups. It is applicable in the 
case of so-called continuous random variables. However, when this test is applied 
to discrete random variables, its efficiency drops significantly: the Shapiro-Wilk test 
only works well in samples with many identical values [60]–[62].

This study is not a finished product - nor should it be given the constant research 
and development in the market. Some elements of the program—particularly field-
work in nature—will require more time to achieve the appropriate level of effective-
ness. Nevertheless, as the program matures, course content and methodology will 
continue to grow and evolve.

This paper aimed to compare the effectiveness of standard and experimental meth-
ods and approaches. Further research could encompass more parallels with nature and 
involve more participants, preferably from ten different public or private universities. 
It would create a reliable experimental plan where the results of all students taught 
by one method would be compared with those of all students prepared by the other 
method. However, this meta-analysis would be demanding to implement in practice.

Prior research studies using analogies with forests were minimal and focused 
on business economics [81]. This limitation is a challenging opportunity for further 
project management development. In addition, several research papers deal with 
the teaching methods of project management [1], [15], [19], [24]–[26]. Nevertheless, 
the purpose of this study was, among other things, to fill the gap with empirical 
research that would look at things through students’ eyes.

4.2	 Future project management pedagogy

Now it is possible to answer RQ2: What are the findings and recommendations for 
future project management pedagogy?

The student perspective should be considered in future pedagogy contexts within 
the discipline. The transformation should encourage the exchange of ideas between 
students and those who teach by involving the analogy method in daily education: 
showing examples from the great outdoors, how to manage resources, work together 
as a team, and how planning and looking for the shortest (i.e. cheapest) route pays. 
Let group dynamics work, shift the relationship with students as learner-centred, and 
teach students to use the proper techniques and tools for the right purpose. Lead them 
to understand that the project is intended to deliver a valuable product to the organ-
isation that funds it. Processes and mechanisms of technology are the only means to 
achieve the goal. Students must understand that clearly defined roles and responsi-
bilities of team members are essential; they learn to plan step by step and manage 
the project in stages. Students should be encouraged to look at the “big picture” and 
understand how the parts and pieces that make up the whole interact and influence 
each other. It is crucial because some of the biggest challenges facing our world today 
are the product of systems failure and require a systems approach to solutions.

The added value of nature-based activities is that students strengthen their rela-
tionship with green spaces and drive characteristics of self-efficacy, determination 
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and independence, a sense of belonging to the community, tolerance and respect. This 
interaction and the cooperative feature of activities lead to increased social inclusion, 
lower isolation, greater trust, reciprocity, connectedness and social cohesion [34]–[36]. 
In line with transformative and social learning theories, educators must facilitate 
project management students to become co-creators rather than simply recipients of 
knowledge [19], [22]–[23]. Such requirements call for an emphasis on broader educa-
tional experiences. Changes in the institutions where project management is taught 
are also desirable. For example, educators need to adopt a different way of teaching by 
allowing engagement in project modules where students can become proactive prob-
lem solvers involving critical thinking. In addition, higher education institutions need 
to change their business models by supporting flexible learning, preparing students 
to meet real-world problems [82] and integrating them into the curriculum [83]–[84]

5	 CONCLUSIONS

This research’s urgency is evident from the growing gap between students’ expecta-
tions and what universities are able or willing to provide [85]. Therefore, the learning 
objectives of the project management course are focused on tools and techniques to 
master the life cycle and procedures of planning, initiation, evaluation and termination 
of the project, time-resource analysis, risks, changes and control mechanisms. Although 
the objectives can be achieved through various methods, the research design of this 
study is based on parallels between the project ecosystem and the forest ecosystem. 
The rationale for this idea is that our world is made up of systems—from ecosystems 
in nature to organisations and technologies in human society [9]. Moreover, systems 
consist of interacting parts and relationships between those parts. Therefore, systemic 
thinking means considering the whole and its interacting parts in context [10].

The link to RQ1,2 is as follows. First, the experiment revealed that if a specific 
learning objective was bound up with experience, it was better understood and 
remembered. The most emotionally powerful was the video experience in which 
the parasitic fungus Ophiocordyceps unilateralis dominated the Camponotus ants. 
Therefore, the students scored much higher on the unfair business practices in the 
achievement test than their colleagues from the parallel (control) group. Second, 
the more students observe from nature how to use resources and constraints, the 
better equipped they are for managerial practice. Third, the outdoor environment is 
informal [34]–[35], offering more suitable conditions for students to formulate and 
present insights and observations. Everyone could contribute their opinion and see 
how it fits into the group’s atmosphere. Finally, issues explained analogically with 
parallels with forest dwellers increased student interest and engagement.

Recommendations for future project management pedagogy are based on the 
study’s findings and designed in a flexible, multimodal methodology to meet a wide 
range of students’ learning objectives and educational needs. This paper’s results 
could be relevant for policymakers and stakeholders to develop successful strategies. 
Interpersonal skills are increasingly crucial over technical skills and their possible 
influence on managing complex oscillations within projects [86]. However, a partic-
ularly beneficial finding from this study is that those who need to learn such skills 
(students) accept this reality. In addition, this study identified the need for higher 
education institutions to rethink their way of integrating transferable skills into the 
educational agenda at all levels, full potential in educating students in line with their 
expectations and the growing demand for university education at a global level. 
Finally, this experiment proves that training people according to naturally inspiring 
principles that have worked for billions of years on earth makes sense.

https://online-journals.org/index.php/i-jep


	 118	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 13 No. 6 (2023)

Macháčková

6	 ACKNOWLEDGEMENT

This research received no external funding. Informed consent was obtained from 
all subjects involved in the study.

7	 REFERENCES

	 [1]	 T. Mengel, “Outcome-based project management education for emerging leaders— 
A case study of teaching and learning project management,” International Journal 
of Project Management, 26(3), 275–285, 2008. https://doi.org/10.1016/j.ijproman. 
2007.12.004

	 [2]	 A. Söderholm, “Project management of unexpected events,” International Journal of 
Project Management, 26(1), 80–86, 2008. https://doi.org/10.1016/j.ijproman.2007.08.016

	 [3]	 E. Levin, P. Thaichon, S. Quach and A. Lobo, “The role of creativity and project management 
in enhancing service quality of advertising agencies: A qualitative approach,” Australasian 
Marketing Journal, 26(1), 31–40, 2018. https://doi.org/10.1016/j.ausmj.2017.10.002

	 [4]	 I. Simonics, “Relationships among economy, industry, vocational education and training 
and higher engineering education—The trefort project editorial,” International Journal of 
Engineering Pedagogy (iJEP), 10(5), 4–6, 2020. https://doi.org/10.3991/ijep.v10i5.16747

	 [5]	 S. Pathak, “Biomimicry: (Innovation Inspired by Nature),” International Journal of New 
Technology and Research, 5(6), 2019. https://doi.org/10.31871/IJNTR.5.6.17

	 [6]	 N. Kshetri, “The entrepreneurial ecosystem and its components,” Global Entrepreneur
ship, 36–64, 2018. https://doi.org/10.4324/9780429458996-2

	 [7]	 J.N. Bhakta and Y. Munekage, “Role of ecosystem components in Cd removal process of 
aquatic ecosystem,” Ecological Engineering, 32(3), 274–280, 2008. https://doi.org/10.1016/ 
j.ecoleng.2007.12.004

	 [8]	 W. Visser and J.M. Benyus, “Biomimicry,” The Top 50 Sustainability Books, 104–107, 2009. 
	 [9]	 A. Lebdioui, “Nature-inspired innovation policy: Biomimicry as a pathway to leverage 

biodiversity for economic development,” Ecologiwengwecal Economics, 202, 107585, 
2022. https://doi.org/10.1016/j.ecolecon.2022.107585

	[10]	 F. Chapin, P. Matson, P.M. Vitousek and M.C. Chapin, Principles of terrestrial ecosys-
tem ecology. (2nd ed.). New York: Springer, 2011. ISBN 978-1-4419-9504-9. https://doi.
org/10.1007/978-1-4419-9504-9

	[11]	 A. Marshall, “Biomimicry,” Encyclopedia of Corporate Social Responsibility, 174–174, 2013. 
https://doi.org/10.1007/978-3-642-28036-8_273

	[12]	 I.C. Gebeshuber, “Biomimetics—prospects and developments,” Biomimetics, 7(1), 29, 
2022. https://doi.org/10.3390/biomimetics7010029

	[13]	 F. Vazquez, “Welcome to the new journal biomimetics,” Biomimetics, 1(1), 1, 2016. https://
doi.org/10.3390/biomimetics1010001

	[14]	 H. Witte, “The interplay of biomimetics and biomechatronics,” Biomimetics, 7(3), 96, 
2022. https://doi.org/10.3390/biomimetics7030096

	[15]	 C. Bredillet, “Understanding the very nature of project management: A praxiological 
approach”. Paper presented at PMI® Research Conference: Innovations, London, 
England. Newtown Square, PA: Project Management Institute, 2004.

	[16]	 J.R. Turner, “Towards a theory of project management: The nature of the functions of 
project management,” International Journal of Project Management, 24(4), 277–279, 2006. 
https://doi.org/10.1016/j.ijproman.2006.03.002

	[17]	 D. Lock, “The nature and purpose of project management,” Project Management, 3–19, 
2018. https://doi.org/10.4324/9781315199764-1

https://online-journals.org/index.php/i-jep
https://doi.org/10.1016/j.ijproman.2007.12.004
https://doi.org/10.1016/j.ijproman.2007.12.004
https://doi.org/10.1016/j.ijproman.2007.08.016
https://doi.org/10.1016/j.ausmj.2017.10.002
https://doi.org/10.3991/ijep.v10i5.16747
https://doi.org/10.31871/IJNTR.5.6.17
https://doi.org/10.4324/9780429458996-2
https://doi.org/10.1016/j.ecoleng.2007.12.004
https://doi.org/10.1016/j.ecoleng.2007.12.004
https://doi.org/10.1016/j.ecolecon.2022.107585
https://doi.org/10.1007/978-1-4419-9504-9
https://doi.org/10.1007/978-1-4419-9504-9
https://doi.org/10.1007/978-3-642-28036-8_273
https://doi.org/10.3390/biomimetics7010029
https://doi.org/10.3390/biomimetics1010001
https://doi.org/10.3390/biomimetics1010001
https://doi.org/10.3390/biomimetics7030096
https://doi.org/10.1016/j.ijproman.2006.03.002
https://doi.org/10.4324/9781315199764-1


iJEP | Vol. 13 No. 6 (2023)	 International Journal of Engineering Pedagogy (iJEP)	 119

The Nature of Project Management Found in Nature: Comparative Study at High Education Institutions

	[18]	 L. Sabini and N. Alderman, “The paradoxical profession: Project management and the 
contradictory nature of sustainable project objectives,” Project Management Journal, 
52(4), 379–393, 2021. https://doi.org/10.1177/87569728211007660

	[19]	 D. Geist and M. Myers, “Pedagogy and project management: Should you practice what 
you preach?” J Comput Sci College, 23(2), 202–208, 2007.

	[20]	 J.S. Collofello, “University/industry collaboration in developing a simulation-based 
software project management training course,” Thirteenth Conference on Software 
Engineering Education and Training, 2000. https://doi.org/10.1109/CSEE.2000.827034

	[21]	 S. Cicmil, T. Williams, J. Thomas and D. Hodgson, “Rethinking project management: 
Researching the actuality of projects,” International Journal of Project Management, 24(8), 
675–686, 2006. https://doi.org/10.1016/j.ijproman.2006.08.006

	[22]	 A. Hartmann, A. Dorée and L. Martin, “A constructivist approach for teaching research 
methodology in construction management,” International Journal of Construction 
Education and Research, 6(4), 253–270, 2010. https://doi.org/10.1080/15578771. 
2010.527181

	[23]	 U. Ojiako, M. Ashleigh, M. Chipulu and S. Maguire, “Learning and teaching challenges in 
project management,” International Journal of Project Management, 29(3), 268–278, 2011. 
https://doi.org/10.1016/j.ijproman.2010.03.008

	[24]	 R. Atkinson, “Excellence in teaching and learning project management,” International 
Journal of Project Management, 26(3), 221–222, 2008. https://doi.org/10.1016/j.ijproman. 
2008.02.001

	[25]	 M. Gómez, R.F. Ángel, Herrera, E. Atencio and F.C. Munoz-La Rivera, “Key management 
skills for integral civil engineering education,”  International Journal of Engineering 
Pedagogy (iJEP), 11(1), 64–77, 2021. https://doi.org/10.3991/ijep.v11i1.15259

	[26]	 X. Zhao, “Towards effective teaching in project management,” Modern Techniques for 
Successful I.T. Project Management, 168–182, 2015. https://doi.org/10.4018/978-1-4666-
7473-8.ch008

	[27]	 B. Divjak and S.K. Kukec, “Teaching methods for international project manage-
ment,” International Journal of Project Management, 26(3), 251–257, 2008. https://doi.
org/10.1016/j.ijproman.2008.01.003

	[28]	 S. Wearne, “Stakeholders in excellence in teaching and learning of project manage-
ment,” International Journal of Project Management, 26(3), 326–328, 2008. https://doi.
org/10.1016/j.ijproman.2008.02.002

	[29]	 S. Sjøberg, “Constructivism and learning,” International Encyclopedia of Education, 
485–490, 2010. https://doi.org/10.1016/B978-0-08-044894-7.00467-X

	[30]	 L. Harasim, “Constructivist learning theory,” Learning Theory and Online Technologies, 
61–79, 2017. https://doi.org/10.4324/9781315716831-5

	[31]	 J. Schreurs and R. Dumbraveanu, “A shift from teacher centered to learner centered 
approach,” International Journal of Engineering Pedagogy (iJEP), 4(3), 36–41, 2014. https://
doi.org/10.3991/ijep.v4i3.3395

	[32]	 S. Chuang, “The applications of constructivist learning theory and social learning theory 
on adult continuous development,” Performance Improvement, 60(3), 6–14, 2021. Portico. 
https://doi.org/10.1002/pfi.21963

	[33]	 L. Von Mises, “Human action: A treatise on economics,” Prague: Liberty Institute, 2018. 
ISBN 978-80-86389-61-5.

	[34]	 E. Woodcock, “Rapid review: Nature-based activities and well-being,” 2017. Available: 
https://www.researchgate.net/publication/313818570_Rapid_Review_Nature-based_
activities_and_well-being/citation/download. [Accessed March, 5, 2021]

	[35]	 N.M. Ardoin, A.W. Bowers, N.W. Roth and N. Holthuis, “Environmental education and 
K-12 student outcomes: A review and analysis of research,” The Journal of Environmental 
Education, 49(1), 1–17, 2017. https://doi.org/10.1080/00958964.2017.1366155

https://online-journals.org/index.php/i-jep
https://doi.org/10.1177/87569728211007660
https://doi.org/10.1109/CSEE.2000.827034
https://doi.org/10.1016/j.ijproman.2006.08.006
https://doi.org/10.1080/15578771.2010.527181
https://doi.org/10.1080/15578771.2010.527181
https://doi.org/10.1016/j.ijproman.2010.03.008
https://doi.org/10.1016/j.ijproman.2008.02.001
https://doi.org/10.1016/j.ijproman.2008.02.001
https://doi.org/10.3991/ijep.v11i1.15259
https://doi.org/10.4018/978-1-4666-7473-8.ch008
https://doi.org/10.4018/978-1-4666-7473-8.ch008
https://doi.org/10.1016/j.ijproman.2008.01.003
https://doi.org/10.1016/j.ijproman.2008.01.003
https://doi.org/10.1016/j.ijproman.2008.02.002
https://doi.org/10.1016/j.ijproman.2008.02.002
https://doi.org/10.1016/B978-0-08-044894-7.00467-X
https://doi.org/10.4324/9781315716831-5
https://doi.org/10.3991/ijep.v4i3.3395
https://doi.org/10.3991/ijep.v4i3.3395
https://doi.org/10.1002/pfi.21963
https://www.researchgate.net/publication/313818570_Rapid_Review_Nature-based_activities_and_well-being/citation/download
https://www.researchgate.net/publication/313818570_Rapid_Review_Nature-based_activities_and_well-being/citation/download
https://doi.org/10.1080/00958964.2017.1366155


	 120	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 13 No. 6 (2023)

Macháčková

	[36]	 S. J. Cooley, V.E. Burns and J. Cumming, “The role of outdoor adventure education in facil-
itating group work in higher education,” Higher Education, 69, 567–582, 2015. https://doi.
org/10.1007/s10734-014-9791-4

	[37]	 N. Hativa, “Active learning during lectures,” Teaching for Effective Learning in Higher 
Education, 87–110, 2000. https://doi.org/10.1007/978-94-010-0902-7_7

	[38]	 S. Karppinen, “Outdoor adventure education in a formal education curriculum in 
Finland: Action research application,” Journal of Adventure Education and Outdoor 
Learning, 12(1), 41–62, 2012. https://doi.org/10.1080/14729679.2011.569186

	[39]	 K. McFarlane, “Assessment, learning and employability,” Active Learning in Higher 
Education, 5(3), 282–283, 2004. https://doi.org/10.1177/146978740400500309

	[40]	 L. Remenick and L. Goralnik, “Applying andragogy to an outdoor science education 
event,” The Journal of Continuing Higher Education, 67(1), 2436, 2019. https://doi.org/10. 
1080/07377363.2019.1629804

	[41]	 W. Shooter, J. Sibthorp and J. Gookin, “The importance of trust in outdoor education: 
Exploring the relationship between trust in outdoor leaders and developmental outcomes,” 
Research in Outdoor Education, 10, 48–56, 2010. https://doi.org/10.1353/roe.2010.0006

	[42]	 M. Breunig, “Turning experiential education and critical pedagogy theory 
into praxis,” Journal of Experiential Education, 28(2), 106–122, 2005. https://doi.
org/10.1177/105382590502800205

	[43]	 G.W. Ebbini, “Transformative design pedagogy: Teaching biophilic design through 
experiential learning,” Journal of Experiential Education, 45(1), 7–31, 2021. https://doi.
org/10.1177/10538259211019088

	[44]	 A. Pau and V.S. Mutalik, “Experiential learning in community oral health promotion: A 
qualitative evaluation of the experiential aspects,” Pedagogy in Health Promotion, 3(2), 
108–114, 2016. https://doi.org/10.1177/2373379916655356

	[45]	 I. Jirásek and I. Turčová, “Experiential pedagogy in the Czech Republic,” Experiential 
Learning and Outdoor Education, 8–18, 2019. https://doi.org/10.4324/9780429298806-2

	[46]	 T.O. Peterson and D.A. Lunsford, “Parallel thinking: A technique for group interaction 
and problem solving,” Journal of Management Education, 22(4), 537–554, 1998. https://
doi.org/10.1177/105256299802200409

	[47]	 D. Türk, “Combined and parallel individual and group therapy—still a red rag?” Group 
Analysis, 52(3), 313–329, 2019. https://doi.org/10.1177/0533316419849503

	[48]	 J.H. McMillan and S. Schumacher, Research in Education. New Jersey: Pearson, 2010. 
ISBN 978-0137152391.

	[49]	 R. Revans, The origin and growth of action learning. Bromley: Chartwell Bratt Bromley, 
1982. ISBN 9780862380205.

	[50]	 P. Bychkov, M. Netesova and A. Sachkova, “Involving students in research with elements 
of game-based learning for engineering education,” Adv Int Syst Comput, 716, 768–775, 
2018. https://doi.org/10.1007/978-3-319-73204-6_84

	[51]	 M. Milosz and J. Montusiewicz, “Game-based learning efficiency-study results of 
using the computerised board game ‘Architectural Jewels of Lublin,’” In: IEEE Global 
Engineering Education Conference (ed. EEE EDUCON), Spain, April 2018, 1432–1437, 2018. 
EDUCON. https://doi.org/10.1109/EDUCON.2018.8363399

	[52]	 A. Rachman and R.M.C. Ratnayake, “A game-based learning system to disseminate kan-
ban concept in an engineering context: A case study from risk-based inspection project,” 
In: IEEE International Conference on Industrial Engineering and Engineering Management, 
December 2017, 2296–2301. Singapore: IEEE. https://doi.org/10.1109/IEEM.2017.8290301

	[53]	 V. Hargaden, N. Papakostas and J. Toomey, “An application of game-based learning in 
an electronics industry graduate training program,” In: 2017 International Conference 
on Engineering, Technology and Innovation. ICE/ITMC 2017—Proceedings, January 2018, 
284–289. Portugal: IEEE. https://doi.org/10.1109/ICE.2017.8279900

https://online-journals.org/index.php/i-jep
https://doi.org/10.1007/s10734-014-9791-4
https://doi.org/10.1007/s10734-014-9791-4
https://doi.org/10.1007/978-94-010-0902-7_7
https://doi.org/10.1080/14729679.2011.569186
https://doi.org/10.1177/146978740400500309
https://doi.org/10.1080/07377363.2019.1629804
https://doi.org/10.1080/07377363.2019.1629804
https://doi.org/10.1353/roe.2010.0006
https://doi.org/10.1177/105382590502800205
https://doi.org/10.1177/105382590502800205
https://doi.org/10.1177/10538259211019088
https://doi.org/10.1177/10538259211019088
https://doi.org/10.1177/2373379916655356
https://doi.org/10.4324/9780429298806-2
https://doi.org/10.1177/105256299802200409
https://doi.org/10.1177/105256299802200409
https://doi.org/10.1177/0533316419849503
https://doi.org/10.1007/978-3-319-73204-6_84
https://doi.org/10.1109/EDUCON.2018.8363399
https://doi.org/10.1109/IEEM.2017.8290301
https://doi.org/10.1109/ICE.2017.8279900


iJEP | Vol. 13 No. 6 (2023)	 International Journal of Engineering Pedagogy (iJEP)	 121

The Nature of Project Management Found in Nature: Comparative Study at High Education Institutions

	[54]	 M. Mavromihales, V. Holmes and R. Racasan, “Game-based learning in mechanical engi-
neering education: A case study of games-based learning application in computer-aided 
design assembly,” International Journal of Mechanical Engineering Education, 47(2),  
156–179, 2018. https://doi.org/10.1177/0306419018762571

	[55]	 S. Chandrasekaran and R. Al-Ameri, “Assessing team learning practices in project/design 
based learning approach,”  International Journal of Engineering Pedagogy (iJEP),  6(3),  
24–31, 2016. https://doi.org/10.3991/ijep.v6i3.5448

	[56]	 M. Sharma and G. Singh, “Construction and standardization of achievement test in eco-
nomics,” International Journal of Science and Research, (IJSR), 4(12), 2072–2074, 2015. 
https://doi.org/10.21275/v4i12.NOV152491

	[57]	 D. Schneider and N. Mather, “Achievement testing,” The Encyclopedia of Clinical 
Psychology, 1–8, 2015. https://doi.org/10.1002/9781118625392.wbecp136

	[58]	 A. Kaur, “Construction and standardisation of achievement test in English,” Scholarly 
Research Journal for Interdisciplinary Studies, 4(37), 2017. https://doi.org/10.21922/srjis.
v4i37.10785

	[59]	 F. Franceschini, M. Galetto and M. Varetto, “Qualitative ordinal scales: The concept 
of ordinal range,” Quality Engineering, 16(4), 515–524, 2004. https://doi.org/10.1081/
QEN-120038013

	[60]	 S. Shapiro and M.B. Wilk, “An analysis of variance test for normality (complete sam-
ples),” Biometrika, 52(3–4), 591–611, 1965. https://doi.org/10.1093/biomet/52.3-4.591

	[61]	 G. Marsaglia, W.W. Tsang and J. Wang, “Evaluating Kolmogorov’s Distribution,” Journal 
of Statistical Software, 8 (18), 1–4, 2003. https://doi.org/10.18637/jss.v008.i18

	[62]	 M. Fay and M.A. Proschan, “Wilcoxon–Mann–Whitney or  t-test? On assumptions for 
hypothesis tests and multiple interpretations of decision rules,” Statistics Surveys,  4, 
1–39, 2010. https://doi.org/10.1214/09-SS051

	[63]	 C. M. Salgado, C. Azevedo, H. Proença and S.M. Viera, “Missing Data,” Secondary Analysis of 
Electronic Health Records, 143–162, 2016. https://doi.org/10.1007/978-3-319-43742-2_13

	[64]	 J. Kaiser, “Dealing with Missing Values in Data,” Journal of Systems Integration, 42–51, 2014. 
https://www.researchgate.net/publication/304500093_Dealing_with_Missing_Values_ 
in_Data

	[65]	 D.A. Bennett, “How can I deal with missing data in my study?” Australian and New 
Zealand Journal of Public Health, 25(5), 464–469, 2001. Portico. https://doi.org/10.1111/
j.1467-842X.2001.tb00294.x

	[66]	 Focus Groups, The SAGE Encyclopedia of Qualitative Research Methods, 2008. https://doi.
org/10.4135/9781412963909.n178

	[67]	 K. Then, J. Rankin and A. Effat, “Focus group research: What is it and how can it be 
used?” Canadian Journal of Cardiovascular Nursing, 24, 16–22, 2014.

	[68]	 L. Chittka, “Current Biology,” 20(23), PR1006–R1008, 2010. Available at: https://doi.
org/10.1016/j.cub.2010.09.062

	[69]	 T. Schwander, M. Beekman, B.P. Oldroyd and L. Keller, “Nature versus nurture in social 
insect caste differentiation,” Trends Ecol Evol, 25, 275–282, 2010. https://doi.org/10.1016/ 
j.tree.2009.12.001

	[70]	 L.A. Jesper, J.F.D. Nielsen and C. Zhou, “Motivating students to develop satellites in prob-
lem and project-based learning (P.B.L.) environment,” International Journal of Engineering 
Pedagogy (iJEP), 3(3), 11–17, 2013. https://doi.org/10.3991/ijep.v3i3.2529

	[71]	 M. Pinho-Lopes and J. Macedo, “Project-based learning to promote high order thinking 
and problem-solving skills in geotechnical courses,” International Journal of Engineering 
Pedagogy (iJEP), 4(5), 20–27, 2014. https://doi.org/10.3991/ijep.v4i5.3535

	[72]	 M. Koivisto, “Gamified learning of project business skills,”  International Journal of 
Advanced Corporate Learning (iJAC),  15(1), 4560, 2022. https://doi.org/10.3991/ijac.
v15i1.26689

https://online-journals.org/index.php/i-jep
https://doi.org/10.1177/0306419018762571
https://doi.org/10.3991/ijep.v6i3.5448
https://doi.org/10.21275/v4i12.NOV152491
https://doi.org/10.1002/9781118625392.wbecp136
https://doi.org/10.21922/srjis.v4i37.10785
https://doi.org/10.21922/srjis.v4i37.10785
https://doi.org/10.1081/QEN-120038013
https://doi.org/10.1081/QEN-120038013
https://doi.org/10.1093/biomet/52.3-4.591
https://doi.org/10.18637/jss.v008.i18
https://doi.org/10.1214/09-SS051
https://doi.org/10.1007/978-3-319-43742-2_13
https://www.researchgate.net/publication/304500093_Dealing_with_Missing_Values_in_Data
https://www.researchgate.net/publication/304500093_Dealing_with_Missing_Values_in_Data
https://doi.org/10.1111/j.1467-842X.2001.tb00294.x
https://doi.org/10.1111/j.1467-842X.2001.tb00294.x
https://doi.org/10.4135/9781412963909.n178
https://doi.org/10.4135/9781412963909.n178
https://doi.org/10.1016/j.cub.2010.09.062
https://doi.org/10.1016/j.cub.2010.09.062
https://doi.org/10.1016/j.tree.2009.12.001
https://doi.org/10.1016/j.tree.2009.12.001
https://doi.org/10.3991/ijep.v3i3.2529
https://doi.org/10.3991/ijep.v4i5.3535
https://doi.org/10.3991/ijac.v15i1.26689
https://doi.org/10.3991/ijac.v15i1.26689


	 122	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 13 No. 6 (2023)

Macháčková

	[73]	 M. Kuo, M. Barnes and C. Jordan, “Do experiences with nature promote learning? 
Converging evidence of a cause-and-effect relationship,” Frontiers in Psychology, 10, 
2019. https://doi.org/10.3389/fpsyg.2019.00305

	[74]	 M. Brody, “Learning in nature,” Environmental Education Research, 11(5), 603–621, 2005. 
https://doi.org/10.1080/13504620500169809

	[75]	 J. Dillon, “Barriers and benefits to learning in natural environments,” Cosmos, 08(02), 
153–166, 2013. https://doi.org/10.1142/S0219607712300056

	[76]	 M. Genc, T. Genc and P.G. Rasgele, “Effects of nature-based environmental education on 
the attitudes of 7th-grade students towards the environment and living organisms and 
affective tendency,” International Research in Geographical and Environmental Education, 
27(4), 326–340, 2017. https://doi.org/10.1080/10382046.2017.1382211

	[77]	 D.C. Berliner, “Learning about and learning from expert teachers,” International Journal of 
Educational Research, 35(5), 463–482, 2001. https://doi.org/10.1016/S0883-0355(02)00004-6

	[78]	 L.B. Flick and N.G. Lederman, “The role of practice in developing expertise in teach-
ing,” School Science and Mathematics, 101(7), 345–347, 2001. Portico. https://doi.
org/10.1111/j.1949-8594.2001.tb17967.x

	[79]	 P.S. Turocy, “The impact of instructor expertise and competency on student learning and 
strategies for improvement,” Athletic Training Education Journal, 11(3), 158–160, 2016. 
https://doi.org/10.4085/1103158

	[80]	 E. MacLellan and R. Soden, “Expertise, expert teaching and experienced teachers’ 
knowledge of learning theory,” Scottish Educational Review, 35(2), 110–120, 2003. https://
doi.org/10.1163/27730840-03502003

	[81]	 K. Macháčková, J. Zelený, D. Kolářová and Z. Vinš, “Nature ideas exchange: Education of 
sustainable business principles based on parallels with forest ecosystem,” Sustainability, 
13(9), 5306, 2021. https://doi.org/10.3390/su13095306

	[82]	 K.C. Lim, S. Low, S. Attallah. P. Cheang and E. LaBoone, “A model for teaching, assess-
ment and learning in engineering education for working adults,” International Journal 
of Advanced Corporate Learning, 5(4), 16–21, 2012. https://doi.org/10.3991/ijac.v5i4.2249

	[83]	 L. Manzione, A. Abu-ais heh, N. Sumukadas and S. Congden, “Preparing engineering stu-
dents for the global sourcing environment, “International Journal of Advanced Corporate 
Learning, 10(1), 4–14, 2017. https://doi.org/10.3991/ijac.v10i1.5942

	[84]	 G. Pasman and I. Mulder, “Bringing the everyday life into engineering education,” 
International Journal of Advanced Corporate Learning, 4(1), 25–31, 2011. https://doi.org/ 
10.3991/ijac.v4i1.1519

	[85]	 C. McInnis, “New realities of the student experience: How should universities respond?” 
25th Annual Conference, European Association for Institutional Research, Limerick, 
24–27, August 2003.

	[86]	 P. Patanakul, D. Milosevic and T. Anderson, “A decision support model for project man-
ager assignments,” Engineering Management, 54, 548–564, 2007. https://doi.org/10.1109/
TEM.2007.900797

8	 AUTHOR

Karolina Machackova has a PhD in Life Sciences. Her research interest is the 
didactics of economic subjects in the natural environment, including sustainability. 
She is dedicated to innovative pedagogical methods, evolutionary management, and 
quantum economy. She has been actively involved in several research projects. She is 
the author of a professional book on project management and has published research 
papers in scientific journals indexed in the Scopus and Web of Science databases. She 
is a member of the International Society for Engineering Pedagogy (IGIP).

https://online-journals.org/index.php/i-jep
https://doi.org/10.3389/fpsyg.2019.00305
https://doi.org/10.1080/13504620500169809
https://doi.org/10.1142/S0219607712300056
https://doi.org/10.1080/10382046.2017.1382211
https://doi.org/10.1016/S0883-0355(02)00004-6
https://doi.org/10.1111/j.1949-8594.2001.tb17967.x
https://doi.org/10.1111/j.1949-8594.2001.tb17967.x
https://doi.org/10.4085/1103158
https://doi.org/10.1163/27730840-03502003
https://doi.org/10.1163/27730840-03502003
https://doi.org/10.3390/su13095306
https://doi.org/10.3991/ijac.v5i4.2249
https://doi.org/10.3991/ijac.v10i1.5942
https://doi.org/10.3991/ijac.v4i1.1519
https://doi.org/10.3991/ijac.v4i1.1519
https://doi.org/10.1109/TEM.2007.900797
https://doi.org/10.1109/TEM.2007.900797

