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Summary: Objectives: To assess the level of problem solving skills of Sixth grade medical students
of College of Medicine/ University of Baghdad using self-assessment tool. Methods: A cross-
sectional study to assess Problem Solving Disposition in Sixth year Medical Students in College of
Medicine/ University of Baghdad. A printed survey of the questionnaire was distributed to sixth
year medical students in august 2022. A sample of 151 students participated in the study by filling
of the printed questionnaire which was validated by a previous study in a medical school in
Mexico. Ethical approval was taken from all students participated in these study. Results: The
number of sixth Grade medical students that participated in the study was 151 of whom 70 (46.35
%) were males and 81 were females. The mean score of the “knowledge of discipline” was 2.973+
0.999, as for the “pattern recognition” component the mean was 2.198 + 0.559, and the mean for the
“application of general strategies” component was 2.158+ 0.492. The independent sample T-test
results for the “Knowledge of discipline” category showed a mean score for females of 3.137 and a
mean score for males of 2.778 with a p value >0.05. For correlations between the categories one of
the items of the “Pattern Recognition” category had a positive correlation with a statistical
significance with 2 items from “Application of general strategies for problem solving” category.
Conclusion: The study found that students were better at pattern recognition and applying general
problem-solving strategies than remembering discipline-specific knowledge. Male students rated
themselves higher in remembering concepts than their female counterparts. The correlation
between pattern recognition and problem-solving can be understood through dual process theory,
which describes two modes of thinking - type 1 (intuitive) and type 2 (analytical). Pattern
recognition is a type 1 thinking strategy that can be highly efficient in problem-solving. However, it
can be limited by a lack of knowledge structure. Experts use both knowledge and pattern
recognition to solve problems, and novices can learn from them. Therefore, students should focus
on developing both their knowledge structure and pattern recognition abilities to improve their
problem-solving skills.

Keywords: Problem solving skills; medical students;
Resumen: Objetivos: Evaluar el nivel de habilidades para resolver problemas de los estudiantes de

medicina de sexto grado de la Facultad de Medicina de la Universidad de Bagdad utilizando una
herramienta de autoevaluacién. Métodos: un estudio transversal para evaluar la disposicién a la
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resolucién de problemas en estudiantes de medicina de sexto afio de la Facultad de Medicina de la
Universidad de Bagdad. Se distribuyé una encuesta impresa del cuestionario a estudiantes de
medicina de sexto afio en agosto de 2022. Una muestra de 151 estudiantes participé en el estudio
completando el cuestionario impreso que fue validado por un estudio previo en una escuela de
medicina en México. Se tomé la aprobacion ética de todos los estudiantes que participaron en este
estudio. Resultados: El niimero de estudiantes de medicina de sexto grado que participaron en el
estudio fue de 151 de los cuales 70 (46,35 %) eran del sexo masculino y 81 del sexo femenino. La
puntuacién media del “conocimiento de la disciplina” fue de 2,973+ 0,999, en cuanto al componente
“reconocimiento de patrones” la media fue de 2,198+ 0,559, y la media del componente “aplicacién
de estrategias generales” fue de 2,158+ 0,492. Los resultados de la prueba T de muestra
independiente para la categoria "Conocimientalbayazeen@gmail.como de la disciplina" mostraron
una puntuaciéon media para las mujeres de 3,137 y una puntuacién media para los hombres de 2,778
con un valor de p > 0,05. Para las correlaciones entre las categorias uno de los items de la categoria
“Reconocimiento de patrones” tuvo una correlacién positiva con significacién estadistica con 2
items de la categoria “Aplicacién de estrategias generales para la resolucién de problemas”.
Conclusion: El estudio encontré que los estudiantes eran mejores en el reconocimiento de patrones
y en la aplicacién de estrategias generales de resolucién de problemas que en el recuerdo de
conocimientos especificos de la disciplina. Los estudiantes varones se calificaron a si mismos mads
alto en recordar conceptos que sus contrapartes femeninas. La correlacién entre el reconocimiento
de patrones y la resolucién de problemas se puede entender a través de la teoria del proceso dual,
que describe dos modos de pensamiento: tipo 1 (intuitivo) y tipo 2 (analitico). El reconocimiento de
patrones es una estrategia de pensamiento de tipo 1 que puede ser muy eficiente en la resolucién de
problemas. Sin embargo, puede verse limitada por la falta de estructura del conocimiento. Los
expertos utilizan tanto el conocimiento como el reconocimiento de patrones para resolver
problemas, y los novatos pueden aprender de ellos. Por lo tanto, los estudiantes deben enfocarse en
desarrollar tanto su estructura de conocimiento como sus habilidades de reconocimiento de
patrones para mejorar sus habilidades de resolucién de problemas.

Palabras clave: habilidades para resolver problemas; estudiantes de medicina

1. Introduction

A great deal of knowledge and skill is required to practice as a doctor. Physicians in
the 21st century need to have a comprehensive knowledge of basic and clinical sciences,
have good communication skills, and be able to perform procedures, work effectively in a
team and demonstrate professional and ethical behavior. But how doctors think, reason
and make decisions is arguably their most critical skill (1). Excellence in medicine is not
just about good knowledge, skills and behaviors. While medical schools and postgraduate
training programs teach and assess the knowledge and skills required to practice as a
doctor, few offer comprehensive training in clinical reasoning or decision-making. This is
important because studies suggest that diagnostic error is common and results in
significant harm to patients. Diagnostic error typically has multiple causes, but two-thirds
of the root causes involve human cognitive error — most commonly, when the available
data are not synthesized correctly (2). While some of this is due to inadequate knowledge,
a significant amount is due to inadequate reasoning (3).

Medical students master an enormous body of knowledge, but lack systematic
problem solving ability and effective clinical decision making (4). Knowledge is not a
collection of facts, but rather an ongoing process of examining information, evaluating that
information, adding to it and reorganizing it, in order to solve a problem and make a
diagnosis. It is like capital. Acquiring it isn't sufficient but knowing how to invest and
employ it in different circumstances is crucial (5). Doctors are expected to make effective
decisions in a well-defined manner in their medical career which necessitate the
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developing of critical thinking and problem solving skills strategies. Critical thinking can
be defined as the ability and willingness to assess claims and make objective judgments
based on well-supported reasons. It is the ability to look for flaws in arguments and resist
claims that have no supporting evidence. It also fosters the ability to be creative and
constructive in generating possible explanations for findings, thinking of implications, and
applying new knowledge to a broad range of social and personal problem (6). Critical
thinking involves asking questions, defining a problem, examining evidence, analyzing
assumptions and biases, avoiding emotional reasoning, avoiding oversimplification,
considering other interpretations, and tolerating ambiguity. Dealing with ambiguity is also
recognized as an essential aspect of critical thinking. Ambiguity and doubt are necessary
and even a productive part of the critical thinking process (7).

Health care institutions are liable and prone to medial errors mainly diagnostic and
management errors. Approximately one third of patient problems are mismanaged
because of diagnostic errors (8). Part of the solution lies in improving the diagnostic skills
and critical thinking abilities of physicians as they progress through medical school and
residency. Prevention of diagnostic errors is more complex than building safety checks
into health care systems; it requires an understanding of critical thinking and clinical
reasoning (9).

Medical problem-solving skills are essential to learning how to develop an effective
differential diagnosis in an efficient manner, as well as how to engage in the reflective
practice of medicine. Competency of a doctor is closely related to his critical thinking
which he uses to solve daily problems and overcome it. A good doctor must be a good
critical thinker and a good problem solver Competence can be defined as the habitual and
judicious use of communication, knowledge, technical skills, clinical reasoning, emotion,
values, and reflection in daily practice for the benefit of the individual and the community
being served (10).

Given the fact that these skills are critical for their future professional practice and
have been extensively taught and assessed throughout their medical school journey to
assess their competency in diverse instrumental skills (11), we plan to use the Individual
Generic Skills Test, which was specifically developed by faculty members of a medical
school in Mexico (12). In order to apply this questionnaire in our research, it is crucial to
have a comprehensive understanding of the contextual and cultural differences and
similarities between students and medical training in Mexico and Iraq. This knowledge
can help us tailor our research approach to fit the specific needs and expectations of the
target population, and can also help us interpret and analyze the results of the study in a
more nuanced and accurate manner. Here are some key points that can facilitate our
comprehension of the matter.

1. Pedagogical model: The medical training program in Mexico follows a problem-based learning (PBL)
model, which encourages active student participation in the learning process, promotes critical thinking and
problem-solving skills, and fosters a patient-centered approach to healthcare. In 2010, Iraqi medical colleges
like Kufa, Wasit, Duhok, Babylon, and Baghdad adopted an integrated curriculum. This student-centered
curriculum combines lectures, teacher-centered small group teaching, and item discussions to integrate
knowledge, attitudes, and skills from different subjects (13-14).

2. Cultural context: Mexico has a rich and diverse cultural heritage, which influences the way medical
education is approached. For instance, in Mexico, medical education emphasizes the importance of cultural
competence, where medical students are trained to recognize and respect cultural diversity among patients
and communities. On the other hand, in Iraq, cultural practices and beliefs often influence healthcare
practices and decision-making, which can pose challenges for medical students and healthcare providers (14-
15).
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3. Access to resources: Mexico has a well-established healthcare system, with access to advanced medical
technologies and facilities. This allows medical students to gain hands-on experience in clinical settings and
develop their practical skills. However, in Iraq, medical education faces several challenges, including a limited
number of teaching centers and facilities. and in some Iraqi medical colleges a shortage in experienced clinical
practitioners, which can hinder the quality of medical training (16-17).

4. Similarities: Despite these differences, both Mexico and Iraq place a high emphasis on clinical skills
and problem-solving abilities in medical education. In both countries, medical students are required to
demonstrate their competency in these areas through various assessment methods, such as objective
structured clinical examinations (OSCEs) and multiple-choice questions (MCQs). Furthermore, both
countries recognize the importance of lifelong learning and continuing medical education for healthcare
professionals (18-19).

In this research we want to assess the ability to solve problems in final year medical
students since many of these skills have been confronted, tested and experienced
throughout the medical school. Although there are cultural differences between Mexico
and Iraq, the aim of testing these competencies using the Mexican model is to assess if they
are acquired satisfactorily by Iraqi medical students during their course of study .The
complete instrument measures self-perception on information literacy, problem solving,
time management, self-direction, decision making, and critical thinking (20). Ability to
solve problems has many components and skills that are incorporated to get a desired
outcome. For instance, Norman and Schmidt (21) proposed a three-category model for
problem solving ability: (1) acquisition of factual knowledge, (2) mastery of general
principles that can be transferred to solve new similar problems, and (3) pattern
recognition.

The purpose of this paper is the analysis of students’ self-assessment of these skills so
that they can improve their critical thinking abilities, know their strengths and improve it
and find and overcome their weaknesses so they can be safe doctors for the community.

2. Methods

The study design is quantitative, descriptive, and non-experimental. The methodology
used throughout the paper mimics and improves on the one used by the Mexican team in
their research paper titled "Self-Assessment of Problem Solving Disposition in Medical
Students" (22). It consists of two main phases: (1) applying the questionnaire which was
already validated by the Mexican research team, and (2) analyzing the result with
additional tools to extract more useful information.

2.1 Applying the questionnaire:
The questionnaire (Survey form. https://forms.gle/VOGti3npPsCPiBdy5) had

three main categories which are: (a) Application of general strategies for problem-solving,
(b) pattern recognition, and (c) knowledge of the discipline. Each had 4, 2, 1 questions in this
order making the total questionnaire containing 7 items in total regarding the scientific
subject of our paper plus a slot to identify their gender. The answering method used was a
five choices Likert scale considers values closer to 1 as more favorable responses being closer
to strongly agree and vice versa. Then a paper survey was distributed to a group of (151)
sixth-grade medical students at Baghdad University, College of medicine in August 2022.
The method of selection for the paper survey conducted at involved a direct contact and
explaining the survey and the purpose of the study to students. Informed consent was
obtained from all participants, and the study was conducted in accordance with ethical
guidelines. The students were asked to answer 7 questions in total each question relating to
component in the problem solving disposition model, 1 question in the “knowledge of
discipline” component, 2 questions in the “pattern recognition” component and 4 question
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in the “application of general strategies” component, and answers were obtained on a Likert
scale ranging from 1 to 5, strongly agree being 1 and strongly disagree being 5 and agree and
disagree assuming the values 2 and 4 respectively and neutral (undecided) being 3 (table 1).
The tool (the problem solving skills model) was validated by a previous study done in a
medical school in Mexico (12).

2.2 Analyzing the results:

After collecting the answers from our sampled population. The Statistical Package for
the Social Sciences (SPSS, version 20) was used for the data analysis. We extracted the basic
descriptive statistics for the total sample and each gender respectively (mean and standard
deviation) plus all the frequencies for each item and category in the questionnaire (tables 6
and 7) An exploratory factor analysis was done to identify how many categories and to
which each item belongs in our questionnaire based on the results we obtained from our
sample with a determined cutoff value of ( > 0.7) (table 2).

A comparison between male and female students was done using an independent
sample T-test to identify if there were any statistically significant differences in response
between each gender respectively with a determined cutoff value of (p>0.05) (table 3).
Finally, a confirmatory factor analysis was done to test the reliability of our questionnaire on
our targeted population, based on the results we obtained from our sample with an
acceptable cutoff values of root mean squared appropriation (RMSEA<(.08), standardized
root mean squared residual (SRMR<0.08), Comparative fit index (CFI = 0.95), and Tucker-
Lewis index (TLI>0.95), preceded by a KMO (Kaiser- Meyer-Olkin Measure) sampling
adequacy test with an acceptable cutoff value of (>0.6) and a Spearman's rho correlation test
for the involved items with an acceptable cutoff value of (p > 0.05) to eventually calculate the
average variance extracted and the composite reliability with an acceptable cutoff value
between (0.6-0.9) for each category respectively (table 4) (23).

3. Results

The number of sixth Grade medical students in University of Baghdad/ College of
medicine that participated in the study was 151 of whom 70 (46.35 %) were males and 81
(53.65 %) were females. Regarding reliability, our questionnaire passed the kmo adequacy
test scoring (0.644>0.6), and our confirmatory factor analysis results came all in the
acceptable ranges (table 3). Our RMESA (0.00013<0.08), SRMR(0.012<0.08), CFI(1 >0.95),
TLI(1.52 20.95) meaning our questionnaire is reliable on the application of general
strategies for problem solving (table 4).The average variance extracted and composite
reliability both were within the acceptablerange for each of the two categories with more
than one item which in our case are knowledge of discipline and pattern recognition (table
5). The mean score of the “knowledge of discipline” was 2.973+ 0.999, as for the “pattern
recognition” component the mean was 2.198 +0.559 , and the mean for the “application of
general strategies” component was 2.158+ 0.492 (table 6).

As for the individual items for (KOD) “I easily remember concepts that I learned long
ago” 12 respondents answered strongly agree, 33 answered agree, 61 answered neutral, 37
answered disagree and 8 respondents answered strongly disagree, the mean for this item
was. For the item (PR1) “I acknowledge my strengths and weaknesses on a particular
topic” 28 respondents answered strongly agree, 80 answered agree ,42 answered neutral ,1
answered disagree and no one answered strongly disagree, the mean for this item was. For
the item (PR2) “I recognize how much information I have about a concept” 23 respondents
answered strongly agree, 66 answered agree ,57 answered neutral ,5 answered disagree
and no one answered strongly disagree. For the item (AGS1) “I seek alternative solutions
before making a decision” 29 respondents answered strongly agree ,72 answered agree ,44
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answered neutral ,5 answered disagree, 1 respondents answered strongly disagree. For the
item (AGS2)”I decide the solution of a problem from evaluating several options” 23
respondents answered strongly agree ,89 answered agree, 32 answered neutral ,6
answered disagree, 1 respondent answered strongly disagree. For the item (AGS3) “I
identify alternative solutions to problems” 23 respondents answered strongly agree, 86
answered agree ,37 answered neutral ,5 answered disagree and no one answered strongly
disagree. For the item (AGS4) “I am able to focus on a problem” 34 respondents answered
strongly agree ,69 answered agree, 43 answered neutral ,4 answered disagree ,1
respondents answered strongly disagree. See (table 6) and (table 7).

For the genders males respondents were 71 and females were 80 and the results for
the seven items were as follows: (PR1) “I acknowledge my strengths and weaknesses on a
particular topic” had a mean of 2.042 + 0.705 for males and a mean of 2.162+0.683 for
females, (PR2) “I recognize how much information I have about a concept” had a mean of
2.197 and a standard deviation of 0.785for males and a mean of 2.375 + 0.735, (KOD) “I
easily remember concepts that I learned long ago” had a mean of 2.788 + 0.908 for males
and a mean of 3.137+1.052, ,AGS1 “I seek alternative solutions before making a decision”
had a mean of 2.154+0.821 for males and a mean of 2.212+0.790 for females, (AGS2) ” 1
decide the solution of a problem from evaluating several options” had a mean of 2.154 +
0.821 for males and a mean of 2.162+0.683 for females, (AGS3) “I identify alternative
solutions to problems” had a mean of 2.0845+0.691 for males and a mean of 2.225+0.728 for
females, (AGS4) “I am able to focus on a problem” had a mean of 2.098+0.813 for males
and a mean of 2.162 + 0.818 for females (table 8).

Independent-Samples T test was used to observe any significant difference between
male and female respondents for the seven items (questions) the values were as follows;
(PR1) “T acknowledge my strengths and weaknesses on a particular topic” had P value of
0.291< 0.05 so no significant difference between male and female (PR2) “I recognize how
much information I have about a concept” had P value of 0.155<0.05 so no significant
difference between male and female, (KOD)"I easily remember concepts that I learned
long ago” had P value of 0.03>0.05 so there is a significant difference between male and
female,(AGS1) “I seek alternative solutions before making a decision” had P value of
0.663<0.05 so no significant difference between male and female, (AGS2) ” I decide the
solution of a problem from evaluating several options” had P value of 0.951<0.05 so no
significant difference between male and female, (AGS3) “I identify alternative solutions to
problems” P value of 0.226<0.05 so no significant difference between male and female, .
(AGS4) “I am able to focus on a problem” had P value of 0.632<0.05 so no significant
difference between male and female. Six of the seven items (PR1, PR2, AGS1, AGS2, AGS3,
AGS4) had a P value of less than 0.05 so no significant difference between male and female
and thus accepting the null hypothesis, these items of problem solving model are
independent of gender. Except for one item (KOD) Had a p value of 0.030> 0.05 so there is
a significance and thus rejecting null hypothesis and accepting alternative hypothesis this
item is dependent on gender (table 8).

Correlations between the seven items were calculated using Spearman's rho
Correlation coefficient and the results were: (PR1) had a Correlation coefficient of 0.142
with (PR2) with a P value of 0.082<0.05 so no significant correlation, and a Correlation
coefficient of -0.005 with (KOD) with a P value 0.952<0.05 so no significant correlation, and
had a Correlation coefficient of 0.070 with (AGS1) with a P value of 0.394<0.05 so no
significant correlation, and had a Correlation coefficient of 0.115 with (AGS2) with a P
value of 0.161<0.05 so no significant correlation, and had a Correlation coefficient of 0.015
with (AGS3) with a P value of 0.854<0.05 so no significant correlation, and had a
Correlation coefficient of 0.113 with (AGS4) with a P value of 0.166<0.05 so no significant
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correlation. As for (PR2) the item had a correlation coefficient of 0.157 with (KOD) with a p
value of 0.054<0.05 so no significant correlation, and had a correlation coefficient of 0.009
with (AGS1) with a p value of 0.912<0.05 so no significant correlation, and had a
correlation coefficient of 0.060 with (AGS2) with a p value of 0.464<0.05 so no significant
correlation, and had a correlation coefficient of (0.176) with AGS3 with a p value of
0.030>0.05 so there is a significant correlation, and had a correlation coefficient of 0.174
with (AGS4) with a p value of 0.032>0.05 so there is a significant correlation. As for (KOD)
the item had a correlation coefficient of -0.008 with (AGS1) with a p value of 0.918<0.05 so
no significant correlation, and had a correlation coefficient of 0.081 with (AGS2) with a p
value of 0.324<0.05 so no significant correlation, and had a correlation coefficient of 0.145
with (AGS3) with a p value of 0.075<0.05 so no significant correlation, and had a
correlation coefficient of 0.074 with (AGS4) with a p value of 0.369<0.05 so no significant
correlation. As for (AGS1) it had a correlation coefficient of 0.256 with (AGS2) with a p
value of 0.002>0.05 so there is a significant correlation, and had a correlation coefficient of
0.156 with (AGS3) with a p value of 0.057<0.05 so no significant correlation, and had a
correlation coefficient of 0.195 with (AGS4) with a p value of 0.017>0.05 so there is a
significant correlation. As for (AGS2) it had a correlation coefficient of 0.247 with (AGS3)
with a p value of 0.002>0.05 so there is a significant correlation. And lastly for (AGS3) it
had a correlation coefficient of 0.317 with (AGS4) with a p value of 0.000>0.05 so there is a
significant correlation (table 9).

3.1. Tables.

Table 1: Items of the problem solving skills model.

Question Category
(1) I easily remember concepts that I learnedKnowledge of discipline (KOD)
long ago.
(2) I acknowledge my strengths and Pattern Recognition (PR1)

weaknesses on a particular topic.

(3) I recognize how much information I have[Pattern Recognition (PR2)
about a concept.

(4) I seek alternative solutions before making alApplication of general strategies for

decision. problem solving (AGS1)
(5) I decide the solution of a problem from/Application of general strategies for
evaluating several options. problem solving (AGS1)
(6) I identifyalternative solutions to problems. [Application of general strategies for
problem solving (AGS1)
(7) I am able to focus on a problem. Application of general strategies for
problem solving (AGS1)
Table 2: Exploratory factors analysis.
Items Component
1 2 3
PR1 0.076 0.751 -0.268
PR2 -0.004 0.722 0.379
KOD 0.050 -0.037 0.872
AGS1 0.671 -0.118 -0.154
AGS2 0.643 -0.037 0.126
AGS3 0.586 0.188 0.330
AGS4 0.618 0.329 -0.041
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Table 3: Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.644
Bartlett’s Test of Sphericity Approx. Chi-Square 55.329
df 21
Sig. 0.000
Table 4: Confirmatory factor analysis 1.
Category Average Variance Extracted Composite Reliability
Pattern Recognition 0.542 0.703
Knowledge of discipline Non-applicable
Application of general strategies in 0.396 0.724
problem solving

Table 5: Confirmatory factor analysis 2.

Comparative Fit Index (CFI) 1.000
Tucker-Lewis Index (TLI) 1.152
RMSEA 0.000

SRMR 0.012

Table 6: Descriptive statistics of the 3 categories and 7 items of the problem solving skills model.

Category Items Mean Standard
deviation
(1) I easily remember concepts that I learned 2.973 0.999
K‘no‘wlledge ° long ago.
discipline
Category total 2.973 0.999
(2) I acknowledge my strengths and 2.106 0.694
weaknesses on a particular topic.
Pattern recognition (3) I recognize how much information I 2.291 0.762
have about a concept.
Category total 2.198 0.559
(4) I seek alternative solutions before making 2.185 0.803
a decision.
Application of (5) I decide the solution of a problem from 2.158 0.749
general strategies for |€valuating several options.
problem solving (6) I identify problems. Alternative solutions to 2.158 0.712
(7) I am able to focus on a problem. 2.132 0.813
Category total 2.158 0.492
Table 7: Frequencies of the seven items.
Likert KOD PR1 PR2 AGS1 AGS2 AGS3 AGS4
scale
Strongly 12 28 23 29 23 23 34
agree
Agree 33 80 66 72 89 86 69
Neutral 61 42 57 44 32 37 43
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Disagree 37 1 5 5 6 4
Strongly 8 0 0 1 1 1
disagree

Table 8: Descriptive statistics of the seven items of the problem solving skills model according to
gender and independent sample T- test P value results.

Males Females
Items Standard of Standard of| P value
Number Mean Deviation | Number Mean Deviation
KOD 71 2788 0.908 80 3.137 1.052 0.030
PR1 71 2.042 0.705 80 2162 0.683 0.291
PR1 71 21972 0.785 80 2375 0.735 0.155
AGS1 71 2.154 0.821 80 2212 0.791 0.663
AGS2 71 2.154 0.821 80 2162 0.683 0.951
AGS3 71 2.084 0.691 80 2995 0.728 0.228
AGS4 71 2.098 0.813 80 2162 0.818 0.632
Table 9: Correlations between the seven items.
SPEARMAN’ S RHO PR1 | PR2 | KOD  AGS1 | AGS2 | AGS3 | AGS4
Correlation
= 1.000 | 0.142 | -0.005 | 0.070 | 0115 | 0.015 | 0.113
PR1 coefficient
P value = 0082 0952 | 0394 | 0.161 | 0854 | 0.166
Number 151 | 151 | 151 151 151 151 151
Correlation | o105 1 1000 | 0157 | 0009 | 0060 | 0176 | 0174
PR2 coefficient
Pvalue | 0082 | - | 0054 | 0912 | 0464 | 0030 | 0.032
Number 151 | 151 | 151 151 151 151 151
Correlation | ) 1oz | 0157 | 1.000 | -0.008 | 0.081 | 0145 | 0.074
KOD coefficient
Pvalue | 0952 | 0.054 | - 0918 | 0324 | 0075 | 0.369
Number 151 | 151 | 151 151 151 151 151
Correlation | o oy | 0009 | 0.008 | 1.000 | 0256 | 0156 | 0.195
AGS1 coefficient
Pvalue | 0394 | 0912 | 0918 ] 0002 | 0.057 | 0017
Number 151 | 151 | 151 151 151 151 151
Correlation | o 1151 0060 | 0,081 | 0256 | 1.000 | 0247 | 0204
AGS?2 coefficient
Pvalue | 0.161 | 0464 | 0324 | 0.002 - 0002 | 0.012
Number 151 | 151 | 151 151 151 151 151
Correlation | o 1o | 0176 | 0145 | 0156 | 0247 | 1.000 | 0317
AGS3 coefficient
Pvalue | 0.854 | 0.030 | 0.075 | 0.057 | 0.002 - 0.000
Number 151 | 151 | 151 151 151 151 151
Correlation | 113 1 0174 | 0074 | 0195 | 0204 | 0317 | 1.000
AGS4 coefficient
Pvalue | 0.166 | 0.033 | 0369 | 0.017 | 0.012 | 0.000 -
Number 151 | 151 | 151 151 151 151 151
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Table 10: Principal Characteristics of Typel and Type 2 Decision Making processes.

.. Type 1 Type 2
Cognitive style Heuristi};p. intuitive Systematglcp. analytical
Responsiveness Passive Active

Capacity High Limited
Cognitive awareness Low High
Automaticity High Low
Rate Fast Slow
Reliability Low High
Errors Relatively common Rare
Effort Low High
Emotional attachment High Low

4. Discussion

The descriptive statistics includes the results for each item (table 6) shows the mean
and standard deviation of each item. Items with means closer to strongly agree are 2, 4, 5,
6 and 7, which correspond to the application of general strategies for problem-solving
category and pattern recognition. The mean for the “pattern recognition” category was
2.198 (meaning answers leaning more towards strongly agree) which means students rate
themselves fairly when it comes to identifying the pattern of a problem, as presented by
previous study one way to enhance the students pattern recognition is to use visual and
verbal guidance in approaching a problem rather than merely viewing the sequence, in
other terms by letting the students be face to face with the problem rather than simply
reading it (24).

The mean for the “Application of general strategies for problem solving” category was
2.158 (meaning answers leaning more towards strongly agree), it had the mean that was
closest to the (strongly agree) which means students rate themselves the highest
(compared to the two other categories) when it comes to their ability of applying what
they learnt in dealing with a problem, to enhance this ability even more as proposed by
one study is to follow a problem based learning curricula rather than the conventional one,
the study found that students in the problem based learning curricula produced extensive
elaborations using relevant biomedical information, which was relatively absent from the
conventional curricula students (25).

The independent sample T-test results for the “Knowledge of discipline” category
showed that the only item for this category (KOD) “I easily remember concepts that I
learned long ago” had a mean for females of 3.137 (leaning more towards strongly
disagree than males) and a mean for males of 2.778 (more leaning towards strongly agree
than females) with a p value of 0.030>0.05 which means there is a statistical significance
between males and female when it comes to assessing their knowledge as we can that
males assess themselves in remembering concepts as better than their female counterparts,
this however contraindicates other studies, as mentioned before knowledge relies greatly
on memory and a study found that when it comes to memory females tend to outperform
their male counterparts (26).

And for the “Pattern Recognition” category the independent samples T-test values
were as follows: (PR1) “I acknowledge my strengths and weaknesses on a particular topic”
had P value of 0.291< 0.05, (PR2) “I recognize how much information I have about a
concept” had a P value of 0.155<0.05, there was no statistical significance in “Patter
Recognition” category between males and females, as both of them seem to rate
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themselves somewhat comparably, this was concluded in another study as Namrata
Upadhayay and Sanjeev Guragain showed in their work that males and females have
comparable cognitive functions when it comes to pattern recognition (27).

For the “Application of general strategies for problem solving” category the
independent samples T-test results were: (AGS1) “I seek alternative solutions before
making a decision” had P value of 0.663<0.05, (AGS2) ” I decide the solution of a problem
from evaluating several options” had P value of 0.951<0.05, (AGS3) “I identify alternative
solutions to problems” P value of 0.226<0.05, .(AGS4) “I am able to focus on a problem”
had P value of 0.632<0.05, there was no statistical significance in this category between
males and females, meaning when it comes to applying what have been learnt to deal with
a problem males and females perform and act somewhat the same.

For correlations between the categories one of the items of the “Pattern Recognition”
category had a positive correlation with a statistical significance with 2 items from
“Application of general strategies for problem solving” category, meaning that students
who rate themselves higher as being able to identify the pattern of a problem also rate
themselves fairly when it comes to applying what they learnt in dealing with it. In order to
understand why there is correlation between “Pattern Recognition” category and
“Application of general strategies for problem solving” category instead of “knowledge of
discipline”’, we need to understand how human brain process the information it receives.

There is more than one way to solve a problem perhaps the hardest, slowest and most
time- consuming is to attempt to reason out a solution from basic principles. Certainly the
easiest. The most efficient is to recognize that you have solved it before and recall the
solution. Studies of cognitive psychology and functional magnetic resonance imaging
demonstrate two distinct types of processes when it comes to decision-making: a fast,
pattern-recognizing, intuitive way of thinking (type 1) and a more logical, analytical, and
conscious, but a high-effort way of thinking that is highly dependent on the well-defined
structure of knowledge (type 2) (20) (table 10). This has been termed ‘dual process theory’.
Dual process theory describes how the human brain has two distinct ‘minds” when it
comes to decision-making. This is could be related to forms of cognition that are ancient
and shared with other animals — where speed is often more important than accuracy — and
ones that are recently evolved and distinctly human (28). Each ‘mind” has access to
multiple systems in the brain In support of this theory, some fascinating objective data are
emerging to potentially support the dual process theory. There are now functional MRI
data to support the existence of different cognitive patterns. Activation of right lateral
prefrontal cortex is noted when a logical task is correctly performed and when subjects
inhibit a cognitive bias (type 2 thinking), a finding supporting this area’s potential role in
cognitive monitoring. In contrast, when logical reasoning was overcome by belief bias,
activity was noted in the ventral medial prefrontal cortex, a region associated with
affective processing (type 1) (29). Finally, there is some evidence that type 2 processing
requires more blood glucose, and that alterations of blood glucose can modulate the type
of processing predominantly used (30).

Psychologists estimate that we spend 95% of our daily lives engaged in type 1
thinking — the intuitive, fast, subconscious mode of decision-making (31). Imagine driving
a car, for example; it would be impossible to function efficiently if every decision and
movement were as deliberate, conscious, slow, and effortful as in our first driving lesson.
With experience, complex procedures become automatic, fast, and effortless. The same
applies to medical practice. This could explain the reason why students' results show a
high correlation between pattern recognition and the application of general strategies
instead of knowledge of discipline in solving problem-solving model. Students themselves
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filling the defect of their knowledge by relying on pattern recognition to solve problems by
using type 1 thinking Regarding this study students” knowledge of discipline shows the
lowest mean toward the strongly agree and no correlation between knowledge of
discipline and pattern recognition nor application of general strategies which means they
appear to be less confident to use their knowledge students can improve their use of
knowledge to solve problem OR type 1 thinking students by learning how experts utilize
their knowledge, compared to novices (medical students), experts have a body of
knowledge, strategies, and experiences accumulated over many years. Therefore, an
expert/physician may see a different world—one that is not available to the novice.

There is natural progression in knowledge structure as learner progress from novice
to an intermediate to an expert. Each is dependent on the evolution of knowledge
structure: starting with guessing based on reduced knowledge; hypothetical deductive
(hypothesis to data— backward reasoning) based on dispersed and elaborated knowledge
structures; scheme inductive (signs and symptoms to disease—forward reasoning) based
on a hierarchical knowledge structure; and pattern recognition based on a scripted
knowledge structure. Thus, the clinical reasoning strategy used is dependent on the
knowledge structure available to the learner. Scheme inductive reasoning only occurs
when students” knowledge structure is highly organized (32).

There is a drastic difference in efficiency and accuracy depending on whether
hypothetical deductive, scheme inductive, or pattern recognition is used A study was
undertaken to determine the relationship between reasoning strategy used and likelihood
of diagnostic success. Twenty experts and 20 novices each solved 12 cases (3 each of the
clinical presentations of dysphagia, elevated liver enzymes, nausea and vomiting,
diarrhea).Each subject was asked to think aloud as they solved the case and two
independent judges rated the reasoning strategy as hypothetical deductive, scheme
inductive, or pattern recognition. Of course, experts significantly outperformed students.
In addition, performance was also dependent on the difficulty of the cases within each
clinical presentation. But more importantly, it was found that students or experts who
used scheme inductive or pattern recognition were five times more likely to get the correct
diagnosis compared to subjects who used hypothetical deductive reasoning (33).

Since the same scheme is utilized for both the inquiry and the organization of the
knowledge just acquired the problem solving process reinforces the retention in long term
memory of the organization of the knowledge relevant to specific problem, consequently
the knowledge is learned. Maximizing relevancy, and minimizing information overload.
unlike the scheme driven the hypothetical deductive or’ search and scan’ involves
continuous testing of number of hypothesis for an appropriate match if the correct
diagnosis is not among the hypothesis generated an accurate match may not occur (34).

Clinicians should use both type 1 and type 2 thinking, as both types are important in
clinical decision-making. When encountering a familiar problem, clinicians can use pattern
recognition to reach a working diagnosis or differential diagnosis quickly (type 1
thinking). When encountering a more complicated problem, they use a slower, analytical
approach (type 2 thinking). Both types of thinking interplay — they are not mutually
exclusive in the diagnostic process and should be according to the clinical circumstance
(35).

Limitations

The study had limitations due to the small number of participants (151 individuals),
which limits its generalizability. Additionally, the study only included students from one
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college, which restricts the diversity of the responses and limits the population studied to
a specific group of students. Furthermore, the study only examined one grade level, which
further restricts the generalizability of the findings.

To provide a more comprehensive understanding of the effects of problem-based
learning, future research could analyze the academic performance and trajectory of skill
acquisition among participants. This would allow for a more detailed examination of the
impact of problem-based learning on the development of clinical reasoning and problem-
solving skills.

Another limitation of the study was the lack of analysis of the large number of neutral
or undecided responses, which could indicate uncertainty or lack of confidence in self-
assessment. To address this limitation, future researchers should acknowledge and
address these neutral or undecided responses by providing more guidance on how to
respond to survey questions. Researchers could also consider conducting follow-up
interviews or surveys to gather more information on why participants gave neutral or
undecided responses. A larger sample size could be used to increase the statistical power
of the analysis and reduce the impact of neutral or undecided responses on the overall
results. Alternative data collection methods, such as interviews or focus groups, could be
used to gain more in-depth insights into the participants' perspectives and experiences.

By addressing these limitations, future researchers can improve the quality and
reliability of their findings, and enhance the understanding of problem-based learning in
medical

5. Conclusions

¢ Sixth year medical students in University of Baghdad/ college of medicine are better
self- perceived in the pattern recognition and application of general strategies for
problem-solving categories of the problem-solving model than the knowledge of
discipline.

* Male students assess themselves in remembering concepts as better than their female
counterparts

¢ Students who rate themselves higher as being able to identify the pattern of a problem
also rate themselves fairly when it comes to applying what they learnt in dealing with
it.

¢ Further studies with larger sample size are needed to evaluate the entirety of students
from different stages and correlate with their progress throughout their education.

6. Recommendations

* To enhance the ability of students to recognize patterns, students should rely pn visual
and verbal guidance in approaching a problem, rather than merely viewing the
sequence. By letting students interact with the problem rather than just reading about
it, they can develop a deeper understanding of the underlying pattern.

* Use pattern recognition to quickly solve problems when applicable, especially if you
have solved similar problems before. This is an example of type 1 thinking.

* For complex problems, rely on type 2 thinking, which involves more effort and
conscious thought. This type of thinking is highly dependent on well-defined
structures of knowledge.

* To improve your knowledge structure, start with guessing based on reduced
knowledge and progress to hypothetical deductive, scheme inductive, and pattern
recognition reasoning as your knowledge becomes more organized.
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Use the same scheme for both inquiry and organization of knowledge to reinforce
retention in long-term memory of the organization of knowledge relevant to a specific
problem.

Maximize relevancy and minimize information overload when organizing knowledge.
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