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Abstract 
 

The aim of the current study was to identify the effect of the training program 

based on systemic thinking skills on the level of performance, and the level of 

perceived mental effort associated with performance when dealing with difficult 

and complex tasks. To this aim, a scale of perceived mental effort and a scale of 

perceived difficulty were prepared, in addition, a program based on the systemic 

thinking skills which were established by Richmond in 1993 was prepared. The 

program was applied to a sample of (48) students from university students 

enrolled in the fourth – year at educational psychology major. 

By calculating the significance of the difference between the means of ranks on 

both performance and perceived mental effort before and after the application of 

the program using the Wilcoxon test for the related samples, it was found that 

there is a significant difference between the two means of ranks of performance 

in favor of the post-measurement, as the level of performance increased 

significantly after the application of the program. It was also showed that there 

was a significant difference between the two means of ranks of perceived 

mental effort obtained on the pre and post-measurements in favor of the pre- 

measurement, as the perceived mental effort level decreased significantly after 

the application of the program. The instructional efficiency of the intervention 

based on systemic thinking has been calculated. It had a value of E = 2.76, 

which is a positive efficiency, indicating a high level of performance compared 

with the perceived mental effort after the application of the program. This 

indicates the instructional efficiency of the proposed training program.  
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1. Introduction 

        Robinson stated that complex dynamic tasks are those 

tasks that include decision-making problems, or tasks that 

provide events or changing activities, and require a person to 

make decisions, make judgments, and reach conclusions and 

evaluation of events. Robinson also indicated that the difficulty 

of complex dynamic tasks is determined by the number of 

elements involved in the task in addition to the number of 

relationships between those elements [1]. 

Funke summarized the concept of the problem complexity as 

being not only limited to the number of variables that must be 

paid attention to, but also is related to the complex pattern of 

interconnection between them (linear relationships versus non-

linear relationships), in addition to the ability to control the 

system and its dynamic manifestations. Besides, he indicated 

that continuing in the degree of complexity of the problem may 

also be related to the limited ability to tackle the problem of the 

person who tries to solve the problem. That training in the 

method of thinking and processing increases the ability and 

reduces the complexity of the problem as well as leads to 

improved performance and reaching satisfactory solutions to the 

problem [2].  

The study of Sengupta & Abdel-Hamid concluded that 

developing an understanding of the causal relationships 

involved in the decision-making task as well as developing the 

ability to make inference affect both learning and performance 

level. If the decision maker is unable to understand the causal 

relationships involved in the decision-making environment, the 

result will be a low level of performance, but if a person is 

exposed to interventions that enable him/her to perceive such 

relationships, the level of performance will improve [3]. This is 

confirmed by the study of Gigerenzer & Gaissmaier [4]. 

One of the approaches that have attracted the attention of many 

researchers, and which they consider as one of the most 

appropriate approaches to deal with problems characterized by a 

complex dynamic nature is the approach based on systemic 

thinking. Many researchers, [5], [6], [7], [8], [9] summarized the 

characteristics of systemic thinking and its prominent role in 

dealing with complex tasks in the following points: 
 

• Holistic thinking: it is a process by which a situation or 

problem can be understood in a holistic way. It provides a 

holistic view of the multiple interactions among the 

component parts of the situation instead of fragmentation 

into smaller and smaller elements, which impedes 

understanding and prevents those situations from being 

solved due to using reduction and analysis. 
 

• Thinking with mutual relationships: through this type of 

thinking, it is clear that there are more complex causal 

relationships; in addition to the existence of indirect results 

and a network of influences for these relationships that can 

be used to solve more stubborn problems in practical daily 

life.  

• Thinking in models: systemic thinking is a way to build 

models that help us understand the events and patterns of 
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behavior that cause them and reach the basic structure 

responsible for those events. Hence, systemic thinking 

includes an analysis of the situation and then re-synthesizing 

its components flexibly with multiple methods of synthesis 

and organization in light of what is required to be reached. 
 

• Dynamic thinking: through systemic thinking, individuals 

realize that there may be unexpected consequences for their 

actions given that the systems around us are constantly 

changing; and then they are able to understand the feedback 

loop, which enables them to modify their actions and 

behaviors in accordance with the dynamic nature of the 

problem system and based on their vulnerability to variables 

exist in the surrounding environment. Therefore, solutions 

that solve the situation today may become ineffective over 

time. 
 

• A thinking that considers the results of long-term solutions: 

Systemic thinking helps to design smart and lasting solutions 

to problems, encourages thinking about long-term solutions 

and takes a future view of the evolution of the problem . 
 

Therefore, many of recommendations emerged suggest that 

students should be taught systemic thinking through training 

programs separate from the school curriculum or through the 

curriculum provided to them, and designing these training 

programs in a systemic way. This is due to what was found in 

the studies of Sterman; Paich & Sterman; Diehl & Sterman that 

the level of individuals was below average in terms of the 

systemic aspect when dealing with simple systems, and that 

performance was noticeably reduced when the easiest levels of 

dynamic complexity is introduced, and learning was weak and 

slow even with repeating the attempts and providing sufficient 

time to perform.   

Those studies attributed such poor performance to individuals' 

adherence to linear thinking with limited relationships, which 

weakened their ability to correct reasoning and to show the 

multiple factors that influence the problem behavior system. In 

addition, individuals failed to determine the circular causal 

relationships between those factors, did not pay attention to the 

temporal effects on the development of the problem behavior, 

and were concerned with treating the symptoms of the problem 

instead of the real causes, as they take direct solutions without 

paying attention to the long-term results of those solutions. 

They showed also less understanding of the structure of the 

problem, as well as their analyzes were characterized by 

superficiality [10], [11], [12], [13]. 

In recognition of this gap, a set of experimental studies 

investigated the effectiveness of systemic thinking interventions 

in improving performance on complex dynamic problems. The 

study of Manni & Maharaj found that systemic thinking skills 

are linked to performance on complex tasks, and the study 

indicated that the performance pattern of individuals who 

achieved a high level of performance differed significantly from 

the performance pattern of individuals with low performance, as 

individuals who achieved a high level of performance show a 

better understanding of the system structure before beginning to 

develop the treatment and decision-making strategies [14]. 

It was also found in the study of Abdyrov et al. that students 

have demonstrated more efficient levels in the cognitive 

processing of learning tasks and in the theoretical and practical 

activities assigned to them, after subjecting them to a training 

program to develop their systemic thinking skills. The study 

indicated that the interventions based on systemic thinking 

contributed to improving the effectiveness and efficiency of 

learning, and also contributed to the development of cognitive 

processes and activities, to the smart performance of learners as 

well as to the development of their capabilities to carry out 

critical analyzes that are necessary to develop knowledge 

associated with a particular field [15]. In addition, Viacheslave 

also supported the interventions based on systemic thinking and 

their impact on raising performance on complex problems [16].  

At the national level, Hassan explored the effectiveness of a 

program in developing the systemic thinking skills among 

dogmatic college students and its effect on solving complex 

educational problems. It was revealed in this study that the 

proposed program is effective in improving the level of 

performance on complex educational problems among that 

category [17]. 

From the above-mentioned, it is found that research in the field 

of systemic thinking in the local and Arab environment is 

relatively recent, especially when dealing with systemic 

thinking as an approach to solving life problems that are 

characterized by the complex dynamic nature. This motivated 

the researcher to design a proposed program in order to develop 

systemic thinking skills among university students and identify 

its effect at performance level when dealing with complex 

dynamic problems. 

Furthermore, several studies aimed at determining the level of 

perceived mental effort associated with performance on tasks 

with varying difficulty levels. The study of Renkl & Atkinson 

found that students showed a high level of perceived mental 

effort during their engagement in performance on tasks of 

relative difficulty. To interpret that, each of them explains that 

most students do not attempt to use their cognitive abilities 

effectively as well as do not engage in processes of self-

interpretation of problems, especially when they encounter 

problems with which they have no previous experience; they 

make random attempts and general procedures that negatively 

affect the level of performance and cause a high level of 

cognitive load, compared with the expert person who makes less 

mental effort when dealing with those given tasks due to their 

easiness for him/her "[18].  

Kalyuga et al. added that "the expert person has the cognitive 

schemata that he/ she uses when dealing with difficult tasks that 

allow him to reduce the load imposed on the working memory 

in a meaningful way. As when the expert person confronts a 

problem, s/he is, in this case, able to distinguish the 

relationships among the multiple elements of the problem, and 

s/he also processes them as a single unit. Although these units 

have a higher level or multiple relationships, they require less 

treatment compared with multiple units from lower levels. The 

more of these diagrams (schemata) flow, the more experienced 

the learner is and the less significant mental effort the learner 

makes” [19]. 

Accordingly, a large number of studies, such as Ayres; Sweller; 

Zheng & Cook recommended the importance of training 

students in cognitive processing of information skills that 

contribute to the formation of cognitive schemes to improve the 

level of performance and to meet task requirements with the 

lowest level of mental effort [20], [21], [22].  

A great deal of literature and theoretical frameworks 

emphasized the effectiveness of systemic thinking interventions 

in improving performance and reducing the perceived mental 

effort associated with it. Doyle indicated that systemic thinking 

works to organize information and enter it into long-term 

memory in an integrated, organized and logical manner, which 
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allows for the formation of cognitive schemes and recalling 

them in problem-solving situations with speed and accuracy, 

which improve the level of performance and reduce the mental 

effort associated with it [23]. 

Clark et al. stated that the perspective which is based on 

systemic thinking provides a more coherent organization of 

knowledge, and that this organization is necessary to enable 

individuals to make optimal use of the working memory sources 

and to reduce restrictions on the working memory capacity 

which reduces their cognitive load [24]. Pass et al. hypothesized 

that the individuals who learn in a systemic way must perform 

better than those who learn in the traditional way, and that the 

systemic approach may contribute to the reduction of mental 

effort when dealing with complex tasks [25]. 

Based on the previous hypotheses, Brewster studied the 

effectiveness of the systemic approach in comparison with the 

reductive approach in the ability to use working memory 

sources and the ability to have cognitive processing of complex 

tasks dynamically. The participants who relied on systemic 

thinking showed more accurate and coherent mental models, as 

well as greater credibility in performance due to the clarity and 

coherence of their mental models. They also demonstrated a 

more effective use of the working memory, compared with the 

participants who depended on the reductive method, which led 

to a decrease in their mental effort as measured by a graded 

scale of 1: 9 to represent the levels of mental effort when 

dealing with complex tasks [26]. In contrast, Best drew a 

comparison between the effect of the systemic approach and the 

traditional method of teaching on performance and the 

associated mental effort or on building cognitive schemes for 

beginners from university students. It was found that there is no 

significant difference between the systemic and traditional 

methods on performance and the associated mental effort nor on 

building and forming cognitive schemes [27]. 

It is clear from the above-mentioned that the results of the two 

studies conflict with regard to the effect of systemic thinking on 

the performance and the perceived mental effort among 

students, in addition to the lack of experimental studies 

conducted in this field, which called for studying the effect of a 

program to develop systemic thinking skills on the level of 

perceived mental effort when performing difficult and complex 

tasks among university students. In addition, in this study, the 

instructional efficiency of the intervention based on systemic 

thinking as an approach to integrate between the level of 

perceived mental effort and the level of performance on difficult 

tasks was calculated, because there is no experimental nor 

empirical evidence for such efficiency. 

Pass and Van-Merienboer pointed out that measuring mental 

effort is a good addition to performance measurements, as 

combining perceived mental effort scores and performance can 

produce more sensitive results to the cognitive effort of training 

or the test environment compared with the results of the 

measurements of the effort only or performance only. Each of 

them also recommended the necessity for using this approach in 

future research in order to determine the efficiency of the 

training programs and educational interventions. They provided 

a mathematical input to the efficiency of educational 

interventions from the relationship (E = (P-R)/√ ), where P 

indicates the standard score for performance, and R indicates 

the standard score for perceived mental effort by learners and 

associated with performance on the post-test [28]. De Jong 

explained this relationship as follows: 
 

 If P-R> 0, this indicates positive instructional efficiency: i.e. 

a high level of performance combined with a low level of 

mental effort. 
 

 If P-R <0, this indicates negative instructional efficiency: i.e. 

a low level of performance combined with a high level of 

mental effort. 
 

 When both mental effort and performance are equal, 

meaning that they are both low in level or high in level, this 

indicates that the experimental situations are ambiguous and 

that their effectiveness is not predictable [29]. 
 

In the current study, the researcher relied on the systemic 

thinking skills which were established by Richmond in 1993, 

because they are among the skills that have been mostly used in 

order to develop systemic thinking among individuals, 

especially when dealing with complex dynamic problems. 

These skills are represented in the following seven skills: 
 

 Dynamic Thinking Skill 
 

Dynamic thinking is the ability to observe gradual changes 

which are taking place in the behavior of variables that extend 

over time; this means that the individual needs to place the 

current situation in the context of a time gradient (scale) by 

drawing a course of behavior; so that this course has temporal 

divisions represented in the current state in addition to one or 

more than future courses [30]. The dynamic thinking skill is 

employed in case of exposure to the situation of taking one of 

the two options available based on the future results of these 

options. In this case, each choice as well as its results must be 

studied separately in the short and long term, taking into 

account the impact of time changes on the results of the choice 

that will be taken so that the problem does not get worse [31]. 
 

 System-as-Cause Thinking 
 

In this skill, the individual must think about the dimensions and 

elements of the system that constitute his behavior, and realize 

that this observed behavior can be the result of the relationships 

that the laws of nature imposed on these elements instead of the 

decisions and actions of a particular person [30]. According to 

this skill, when a person encounters a problem, s/he begins to 

identify the system that creates the behavior of the problem, and 

then looks for the factors that make up the system’s structure 

that caused the problem [31]. 
 

 Operational thinking skill 
 

A practitioner of operational thinking can distinguish the causal 

relationships between events and think about how things and 

phenomena occur instead of thinking about them in abstract 

form which is greatly far from reality [30]. In this case, the 

reasons that led to specific results are considered, in addition to 

an explanation of the processes that take place in the problem 

system. Operational thinking can be employed when it is 

necessary to comment on the causes of a problem, identify what 

is wrong in the conclusion, and state the reasons that seem more 

logical [31].  
 

 Closed-loop thinking skill 
 

When individuals think of using closed-loops, they see the 

world as a set of continuous processes that depend on one 

another, rather than seeing them as a list of one-dimensional 

relationships [30]. The stories of causal closed-loops are 
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expressed using variables and arrows (links) that show how one 

of the variables affects the other to make the situation better or 

worse. The effect here usually provides feedback that influences 

one or more of the causes; rather, the causes themselves affect 

each other [32]. The closed-loop thinker must understand that 

every decision or action that is taken will have unintended 

consequences that are responsible for shaping the situation upon 

which decisions will be made in the future. According to this 

skill, a systemic thinker has to comment on the source of the 

deterioration of the problem system situation [31]. 
 

 Forest thinking skill (holistic thinking) 
 

This skill enables individuals to see the system of relationships 

and events in a holistic way rather than focusing on the elements 

in an isolated way; it means going beyond the analysis to the 

structure [30]. According to this skill, all or some elements of 

the system are improving; while, the behavior of the system 

does not show any improvement; it may even show a 

breakdown. An explanation is required as to why this is 

happening. Forest thinking skill can be applied by emphasizing 

that the whole is greater than the sum of its parts, and that what 

achieves the goals and benefits of the system is harmony and 

consistency between the components [31].  
 

 Quantitative Thinking Skill 
 

In quantitative thinking, the thinker must understand that every 

decision made or every behavior that is taken is the result of a 

set of attitudes that the individual is biased towards, or is the 

result of a set of motives that are responsible for shaping the 

status quo. The person in charge of this skill must determine the 

motives and attitudes that prompted the owners of the problem 

to make certain decisions, in addition to identifying the 

stakeholders for whom the system seeks to achieve their desires 

and goals [30]. 
 

 Scientific thinking skill 
 

In scientific thinking, a person must realize that s/he is thinking 

of models based on hypotheses, and that these hypotheses are 

always limited in application. In addition, these hypotheses 

must be tested and reviewed periodically in order to improve the 

dynamic nature of the systems around us; which constantly 

changes itself so as to adapt to the conditions and challenges of 

reality around us. The person in charge of this skill should 

follow-up the application of solutions to problems and evaluate 

their results in the long run in light of the gains and losses 

resulting from the application of these solutions [30]. 

Based on the above-mentioned, the problem of the current study 

can be summarized in the following questions:  
 

1. Is there a statistically significant difference between 

students’ level of performance on complex tasks before and 

after applying the training program? 
 

2. Is there a statistically significant difference between 

students’ level of perceived mental effort when dealing with 

complex tasks before and after applying the training 

program?  
 

3. What is the instructional efficiency of the training program 

in light of students’ level of performance and their level of 

perceived mental effort?  

1.2. Hypotheses 

1) There is a statistically significant difference between the 

mean ranks of students’ performance on complex tasks 

before and after applying the training program in favor of 

post-measurement. 
 

2) There is a statistically significant difference between the 

mean ranks of students’ perceived mental effort when 

performing complex tasks before and after applying the 

training program in favor of pre-measurement. 
 

3) The training program will show a positive instructional 

efficiency among students after post-measurement. 

2. Materials 

2.1. Training program 

        The training program, which is based on systemic thinking 

skills described by Richmond in 1993 and revised in 1997, was 

prepared in accordance with the operational definition of each 

skill. The program included 14 training sessions: the first 

session contained a theoretical background in order to 

familiarize students with the concept of systems and their 

properties and how to apply those characteristics to one of the 

realistic systems around us (e.g. the educational system). The 

activities assigned to students were performed in a collaborative 

way. The second session aimed at introducing students to the 

concept of systemic thinking and distinguishing it from linear 

thinking, in addition to a presentation of its characteristics, as 

well as an explanation of the importance of gaining the ability to 

use it for individuals. 

As for the sessions from the third to the twelfth, they included 

activities and exercises aimed to train students in using the 

seven skills of systemic thinking in a separate and independent 

way, through realistic situations and scenarios which the 

individual may witness or be exposed to in his/her professional 

and personal life. In the thirteenth and fourteenth sessions, tasks 

and scenarios were presented, in which the trainees were asked 

to reach certain conclusions using the combined systemic 

thinking skills. 

The training program included the general aim of each session 

and the operational objectives derived from it, as well as the 

strategies of brainstorming, cooperative learning and modeling 

were identified as teaching techniques. It also contained audio-

visual educational presentations to present certain theoretical 

concepts, plans and structural models of problems and scenarios 

presented in the program. The program has been validated by 

submitted it to experts whose suggestions and modifications 

have been taken into consideration. After experts’ review, they 

agreed on the possibility of its implementation. 
 

2.2. Perceived mental effort questionnaire  

        The perceived mental effort questionnaire was prepared in 

accordance with the perspective of the theory of Cognitive Load 

and in light of many measurement scales that have been 

mentioned in previous studies. The scale, in its preliminary 
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form, consisted of 14 items which respond to through a 5-point 

Likert rating by choosing one of the following alternatives (very 

high degree, high degree, medium degree, low degree, very low 

degree).  

After submitting the scale to specialized jury members as well 

as subjecting it to confirmatory factor analysis of the first 

degree, six items were retained, namely:  -I made a mental effort 

to understand the content of the topic, - I resolved to answer 

questions despite their difficulty, - I have read the text more 

than once in order to understand it, - I made a mental effort to 

distinguish between the information in the topic, - I thought and 

meditated to solve the questions correctly, - performing the task 

requires an appropriate mental effort. The standard regression 

weights for these items of the scale ranged between 0.545 and 0. 

839  ̧ which are acceptable values as well as significant at the 

level of 0.001. In addition, all good fit indices came in the ideal 

range as shown in the following table: 

 

 

 

 

 

 

Hence, the model has a good fit of the data being tested. In 

addition, the internal consistency reliability of the scale 

structure was calculated, and its coefficient of alpha-Cronbach 

was 0.783¸ which is a high value for reliability. 

2.3. Task perceived difficulty questionnaire 

        After reviewing many measurement questionnaires that 

have been included in previous studies, the task perceptive 

difficulty questionnaire was developed in accordance with the 

perspective of cognitive load theory. In its preliminary form, the 

questionnaire consisted of 7 items to be answered through a 5-

point Likert rating by choosing one of the following alternatives 

(very high degree, high degree, medium degree, low degree, 

very low degree).  

After submitting the scale to specialized jury members as well 

as subjecting it to confirmatory factor analysis of the first 

degree, five items were retained, namely: -topic content is 

difficult to understand, - topic contains complex and mutually 

dependent information, - topic contains multiple information 

that is difficult to be read easily, - I had difficulty understanding 

the topic content due to a lack of my information, - I could not 

determine the best solution because of the complex relationships 

among the subject elements. The standard regression weights 

for these items of the scale ranged between 0.462 and 0.766¸ 

which are acceptable values as well as significant at the level of 

0¸001. Besides, all indices of good fit came in the ideal range as 

shown in the following table: 

 

 

 

 

 

 

 

Hence, the model has a good fit of the data being tested. 

Besides, the internal consistency reliability of the scale structure 

was calculated, and its coefficient of alpha-Cronbach was 

0.760  ̧which is a high value for reliability. 

2.4 Task 

        Two tasks characterized by complexity and relative 

difficulty were used to perform, as the participants of the 

experimental group were assigned to perform one of them 

before the application of the training program, which was 

entitled "Cattle Breeding in Hailu Tribe" and the other task was 

assigned to the participants of the experimental group to 

perform after the manipulation of the training program, which 

was entitled " Māori Fishing". Two different tasks have been 

applied to avoid the influence of the experience factor on the 

level of performance as well as the level of perceived mental 

effort, and to make sure that all effect on the dependent 

variables is due to the training program under study.   

Sedney pointed out that these two tasks are equivalent in terms 

of structure and level of difficulty [33]. To make sure of that, 

the perceived difficulty questionnaire was administered to 57 

participants after being assigned to perform each of the two 

tasks. Then, the correlation between the ranks of the scores of 

the perceived difficulty on both tasks was calculated. The 

correlation coefficient reached 0.787, which is a high value and 

significant at the level of 0,001. This is an evidence of the 

equivalence of the two tasks in terms of the level of perceived 

difficulty.  

With regard to determining the difficulty level for each of the 

two tasks, the significance of the difference between the mean 

of the perceived difficulty on each of the two tasks and the 

hypothetical mean was calculated, which is estimated at the 

value of 15 as shown in the following table: 
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Table 3: T-test results of the significance of difference between the mean of 

perceived difficulty on both tasks and the hypothetical mean(= 15) 
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According to what is shown in (Table 3), the difference 

between the mean of perceived difficulty on both tasks and the 

hypothetical mean (=15) is a significant and in favor of the 

perceived difficulty of the two tasks, which indicates the high 

level of difficulty of the two tasks. In addition, the difficulty 

coefficient for each item included in each task was calculated, 

and the values of those parameters were as shown in the 

following table: 

 

 

 

 

 

 

 

 

It is clear that the difficulty coefficients for each question are 

high, which indicates the high level of the general difficulty of 

the task, as the mean of difficulty coefficients for the Māori task 

are 75.25, and the mean of difficulty coefficients for the Helieu 

task are 76.70 . 
 

 

3. Method 

 

        The main sample of application consisted of (48) male and 

female students enrolled in the Faculty of Education, fourth-

year, Major of Educational Psychology, who have a literary 

background. The participants were assigned to perform the task 

of the Helieu tribe, then a questionnaire of the perceived mental 

effort was administered to them after they finished performing 

the task in order to conduct the pre-measurements of both 

performance and the perceived mental effort.  

The training program for developing systemic thinking skills 

has been applied to the participants. The implementation of the 

program took five weeks, with three sessions per week. Where 

the application started on 15/ 11/ 2019 and ended on 21/ 12/ 

2019.   After completing the application of the training program, 

the participants were assigned to perform Māori task, then a 

questionnaire of the perceived mental effort was administered to 

them after finishing performing the task in order to conduct the 

post-measurements of both performance and the perceived 

mental effort. Data of the pre and post-measurements were 

subjected to statistical analyzes in order to obtain the results of 

the study. 

4. Findings and discussion 

4.1. Findings and discussion of the first hypothesis 

        In order to find out the effect of the training program on 

the level of performance on difficult and complex tasks, the 

significance of the difference between the mean ranks of 

performance on the two tasks was calculated before and after 

the implementation of the program, using the Wilcoxon test for 

the related samples. The following table shows these results: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

As shown in (Table 5), the number of the participants who have 

higher scores (levels) of performance after the implementation 

of the program is (48), and they are all members of the main 

sample and the mean of ranks of them is (24.50); whereas, the 

number of participants who have lower scores level of 

performance after the application of the program is zero and the 

mean of ranks of them is zero. Hence, it is clear that there is a 

statistically significant difference at the level of 0.001 between 

the man ranks of performance on the task before and after 

applying the program in favor of post-measurement, as the 

value of Z is (-6.088a), depending on the negative ranks, as well 

as the effect size (R) is 0.62, which is a high effect size. This 

points out the strong effect of the training program (independent 

variable) on the improvement of the level of performance on the 

task.  

Participants’ acquisition of systemic thinking skills made them 

more able to process information and more aware of the 

interrelationships among variables. Moreover, those skills 

contributed to the improvement of their thinking regarding 

causal relationships, and raised their ability to infer and 

understand the basic structures behind the problems which led 

to an improvement in the level of performance on those 

problems. This is consistent with the Gary & Wood study which 

suggested that developing the causal inference ability can 

reduce task requirements to levels that can be managed, and that 

the reinforcement of hierarchical thinking  or network thinking 

based on identifying different mutual relationships between the 

variables can lead to the formation of a more accurate and 

complete mental model for the task, and this mental model 

enables the individual to reach many conclusions, that lead to an 

improvement in the level of performance on difficult and 

complex tasks [34]. 

Table 4: Difficulty coefficients for each question in each task and their 

means 
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Table 5: Wilcoxon test results of the significance of difference between 

the mean ranks of performance before and after program 

implementation, N = 48 
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a. indicates that the level of performance before the application of the program 

is higher than the level of performance after the application of the 

program. 

b. indicates that the level of performance after the application of the program 

is higher than the level of performance before the application of the 

program. 

c. indicates that the performance level before the application of the program 

equals the level of performance after the application of the program. 
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Besides, the activities that the participants were exposed to 

through the training program also contributed to increasing their 

ability to understand the dynamic nature of the problems, which 

contributed to the improvement of the level of performance on 

the tasks, and this was represented in choosing the most 

appropriate procedures that lead to solving problems in the long 

term. This finding is in consistency with the Richmond study, 

which showed that students’ acquisition of systemic thinking 

skills develops the ability to make decisions, and also helps 

them understand complex problems that are dependent on each 

other, by forming accurate and complete mental representations 

of these problems, which enables them to make better decisions 

regarding the possible interventions for these problems and to 

be able to solve them permanently rather than overcoming their 

symptoms [35]. 

Findings of the current study are consistent with the study of 

Manni & Maharaj, which concluded that systemic thinking 

skills are linked to performance on complex tasks [14], as well 

as the study of Abdyrov et al. which revealed that students 

showed more effective levels in the theoretical and practical 

activities assigned to them after subjecting them to a training 

program for developing the skills of systemic thinking [15]. In 

addition, the findings are also in agreement with the findings of 

the studies of Hassan and Viacheslave, which both showed the 

effectiveness of interventions based on systemic thinking in 

raising the level of performance on complex problems [17], 

[16]. While, the findings of this study are not consistent with 

Adam’s study, that revealed that there is no significant 

improvement in students ’performance on complex problems, 

due to the fact that systemic thinking interventions in that study 

were only weekly theoretical lectures without any practical 

exercises or activities that had a weak impact on the formation 

of mental models that lead and direct behavior [36]. 

4.2. Findings and discussion of the second hypothesis 

        In order to find out the effect of the training program on 

the level of perceived mental effort when performing difficult 

and complex tasks, the significance of the difference between 

the mean ranks of perceived mental effort when performing the 

two tasks was calculated before and after the implementation of 

the program, using the Wilcoxon test for the related samples. 

The following table shows these results: 

 

 

 

 

 

 

 

 

 

 

 

 

a. indicates that the level of perceived mental effort after the application of the 
program is less than the level of perceived mental effort before the application 

of the program. 

b. indicates that the level of perceived mental effort after the application of the 

program is higher than the level of perceived mental effort before the 

application of the program. 

c. indicates that the level of mental effort perceived before the application of the 
program equals the level of perceived mental effort after application of the 

program. 
 

According to what is shown in (Table 6), the number of 

participants who have lower scores on the perceived mental 

effort after the application of the program is (45), and their 

mean of rank is (25); while, the number of participants who 

have higher scores on the perceived mental effort after applying 

the program is (2) and their mean of rank is (1.50). Furthermore, 

one participant is found to have equal perceived mental effort 

before and after applying the program. Hence, it is clear there is 

a statistically significant difference at the level of 0.001 between 

the mean ranks of perceived mental effort when performing the 

task before and after the implementation of the program in favor 

of pre-measurement, as the value of Z is (-5.944a), depending 

on the negative ranks, and the effect size (R) reached 0.61 

which is a high effect size, indicating the significant impact of 

the program (the independent variable) on the reduction of the 

perceived mental effort when performing complex and difficult 

tasks. 

Training the study participants in systemic thinking skills leads 

to an increase in their ability to analyze attitudes and issues into 

the largest possible number of variables, in addition to 

increasing their ability to make a link among these variables 

according to the mutual and cross-cutting relationships among 

them in order to form an accurate and complete mental model of 

the phenomenon that enables them to reach many conclusions. 

This model contains a large amount of information and is 

treated as a single unit in the working memory, which 

contributes to reducing the load on the working memory and 

provides additional capacity in it to carry out more cognitive 

processing without making more mental effort. Clark et al. is in 

agreement with this finding, as they pointed out that the 

perspective that relies on systemic thinking provides a more 

coherent system of knowledge and that this system is necessary 

to enable individuals to make optimal use of working memory 

sources and reduce restrictions on working memory capacity 

which reduces the cognitive load which they have [24]. 

In addition, the participants’ habitual use of systemic thinking 

skills, spending enough time in addressing many situations, and 

creating cognitive plans (schemata) for these situations using 

these processes make their performance automatic when 

exposed to similar situations. In this case, the requirements 

imposed on working memory will be within the limits of the 

allocated capacity, which reduces the perceived mental effort 

when dealing with such situations. This is confirmed by Doyle 

who pointed out that systemic thinking works to organize 

information and enter it into the long-term memory in an 

integrated, organized and logical manner, which allows the 

formation of cognitive schemata and calling them back in 

 Table 6: Wilcoxon test results of the significance of difference between 

the mean ranks of perceived mental effort before and after 

program implementation, N = 48 
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problem-solving situations with speed and accuracy, which 

improves the level of performance and reduces the mental effort 

associated with it [23]. 

Moreover, training the participants in systemic thinking skills 

develops their inference ability that makes them more able to 

respond to situations and tasks with a high level of complexity, 

which reduces the mental effort when dealing with such 

environments. That finding is supported by Gary & Wood who 

argued that the development of inference ability can reduce task 

requirements to manageable levels. Hence, the cognitive load 

associated with the task is within the limits of the capacity of 

the working memory [34]. 

Findings of the current study are also consistent with the study 

of Brewster in which participants who were dependent on 

systemic thinking showed more accurate and coherent mental 

models, as well as greater credibility in performance due to the 

clarity and coherence of their mental models. In addition, they 

demonstrated also more efficient use of working memory, 

compared with those participants who were dependent on the 

reductionist method. This led to a decrease in their mental 

effort, as indicated by a scale of 1: 9 to represent levels of 

mental effort when dealing with complex tasks [26]. Whereas, 

the findings of this study are not in consistency with Best’s 

study, which showed that there is no significant difference 

between the systemic and traditional methods in both 

performance and the associated mental effort or in forming 

cognitive schemata [27]. 

4.3. Findings and discussion of the third hypothesis 

 

        In order to calculate the instructional efficiency of the 

training program, the mean standard scores of the performance 

scores on the task were calculated, as well as the mean standard 

scores for the scores of perceived mental effort related to the 

performance on the task were calculated after the completion of 

the application of the program. The mean standard scores of 

performance was (P = 3.045) and the mean standard scores of 

perceived mental effort was (R= -0.86). By applying the 

instructional efficiency equation E = (P-R) /√ , it was found 

that the value of instructional efficiency is E = 2,76 which is a 

positive value and this indicates a high level of performance 

compared with the perceived mental effort after applying the 

program which indicates the instructional efficiency of the 

training program under investigation. 

5. Conclusion 

 

        Systemic thinking is considered as one of the most 

appropriate and effective interventions, especially when dealing 

with difficult and complex situations and problems. Systemic 

thinking enables individuals to form a mental plan or model 

(schema) for the phenomenon under study, and this schema 

contain many elements interconnected with each other with a 

network of relationships, enabling individuals to reach many 

conclusions, solutions and multiple decisions depending on the 

requirements for the situation or the dynamic nature of the 

phenomenon, which contributes to improving the level of 

performance on such situations, as well as reduces the perceived 

mental effort when dealing with these tasks, because the schema 

which is representative of the phenomenon will be dealt with as 

one unit, which reduces the load on the working memory and 

provides additional capacity in the working memory to do more 

processing. With continuous and repeated use of systemic 

thinking skills when exposed to many different situations, the 

performance of individuals will shift to be mechanical as well as 

automatic, and will be characterized by accuracy and speed. 

Therefore, it is recommended that students should be taught and 

trained in the skills of systemic thinking in order to use those 

skills continuously and repeatedly for raising the efficiency of 

individuals when dealing with difficult and complex problems, 

which is a necessary and important requirement in the era of 

cognitive complexity which is full of rapid changes in political, 

economic, educational, social, professional and personal areas. 
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