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Background
However, there is no instrument 
problem based learning (PBL).   
Aim: The aim of this study was to develop an instrument to evaluate the perception of CM used in 
PBL for nursing students.  
Methods
213 nursing students in a PBL course was gathered. 
Results
learning efficiency; 2) integration of knowledge in a holistic view; 3) presentation of individuality; 4) 
enhancement of learning motivation; 5)
variance of 59.386 %.
overall and subscale
instrument to evaluate the perception of CM used in PBL for nursing students.
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INTRODUCTION 
 
Concept Map (CM) is defined as diagrams that describe the 
individual’s understanding of correlations between concepts in 
a specific area of knowledge (Torre, Daley, 
Siddartha, Petkova, and Ziebert, 2007). CM is widely applied 
in the sciences, and is regarded as a very meaningful learning 
strategy (Novak and Canas, 2006a). Numerous research studies 
support the use of CM to achieve substantial learnin
promotes the metacognition process, which refers to a level of 
thinking that involves active control over the process of 
thinking that is used in learning situations. Studies indicate that 
CM in nursing education assists in the visualization of nursi
processes and helps to link nursing theory and clinical practice 
in a logical and holistic approach. CM is not only an effective 
learning tool, but can also be used to evaluate the learning 
process in PBL (Hsu and Hsieh, 2005; Novak 
2006b). CM is reported to help students link new and existing 
knowledge, and identify knowledge gaps. A qualitative study 
identified CM as: integration of physiological mechanisms, 
challenging students’ knowledge of the material, and 
identification of knowledge gaps.  
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ABSTRACT 

Background: The concept map (CM) has been documented as a learning tool in nursing 
However, there is no instrument available to assess how nursing students perceive its assistance in 
problem based learning (PBL).    

The aim of this study was to develop an instrument to evaluate the perception of CM used in 
PBL for nursing students.   
Methods: A cross-sectional survey was conducted which used a self
213 nursing students in a PBL course was gathered.  
Results: The CM-PBL scale was developed, and contains 33 items with f
learning efficiency; 2) integration of knowledge in a holistic view; 3) presentation of individuality; 4) 
enhancement of learning motivation; 5) promotion of learning satisfaction. CM
variance of 59.386 %. Cronbach’s alpha coefficients and intra-class 
overall and subscales were above 0.8. The CM-PBL scale presents to be a 
instrument to evaluate the perception of CM used in PBL for nursing students.

Chuan Sung. This is an open access article distributed under the Creative Commons Att
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Concept Map (CM) is defined as diagrams that describe the 
individual’s understanding of correlations between concepts in 
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in the sciences, and is regarded as a very meaningful learning 
Canas, 2006a). Numerous research studies 

support the use of CM to achieve substantial learning. It 
promotes the metacognition process, which refers to a level of 
thinking that involves active control over the process of 
thinking that is used in learning situations. Studies indicate that 
CM in nursing education assists in the visualization of nursing 
processes and helps to link nursing theory and clinical practice 
in a logical and holistic approach. CM is not only an effective 
learning tool, but can also be used to evaluate the learning 

Novak and Canas, 
link new and existing 

knowledge, and identify knowledge gaps. A qualitative study 
identified CM as: integration of physiological mechanisms, 
challenging students’ knowledge of the material, and 
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A quantitative evaluation of CM used on final exam scores 
revealed significant increase (50.10) in the group of students 
used CM compared with students in non
accepted by students and faculty, feasible to incorporate into 
PBL, and increased in learning satisfaction
Richards, Pernar, Sullivan, and
et al. (2007). Analyzed in a qualitative study, and indicated 
that students reported the impacts of CM used in PBL groups 
including: 1) think critically about a case; 2) formulate 
hypotheses about a case; 3) identify areas I did not fully 
understand; and 4) identify areas I under
also reported that using CMs in PBL were feasible, and may 
foster learning and clinical performance
documented in several studies to be an learning tool to enhance 
PBL satisfaction. However, there is no instrument available
assess how nursing students perceive its assistance in problem 
based learning (PBL). The aim of this study was to develop an 
instrument to evaluate the perception of CM used in PBL for 
nursing students.    
 

Literature Review 
 

PBL  
 

Diverse teaching and learning strategies are essential in 
nursing education to help organize and integrate information 
and knowledge, and to enhance critical thinking in PBL. 
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The concept map (CM) has been documented as a learning tool in nursing education. 
to assess how nursing students perceive its assistance in 

The aim of this study was to develop an instrument to evaluate the perception of CM used in 

onducted which used a self-report questionnaire. Data from 

PBL scale was developed, and contains 33 items with five subscales: 1) increase of 
learning efficiency; 2) integration of knowledge in a holistic view; 3) presentation of individuality; 4) 

promotion of learning satisfaction. CM-PBL has an explained 
class correlation coefficients for the 

PBL scale presents to be a reliable and valid 
instrument to evaluate the perception of CM used in PBL for nursing students. 
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PBL encourages an open learning environment to improve 
intrinsic learning motivation, thus strengthen self-directed 
learning. Literature indicates that PBL helps students develop 
the following abilities: critical thinking, self-directed learning, 
communication and cross-subject cooperation, teamwork 
spirit, and continued lifelong learning (Van Berkel and 
Schmidt, 2000; Palfreyman, 2001; Hmelo-Silver, 2004; Chung 
and Chow, 2004; Siu, Laschinger, and Vingilis, 2005). 
Problem-based learning (PBL) is a diverse, formal, or informal 
learning approach, which respects students’ interests, cultural 
backgrounds, and past experiences (Smith and Spurling, 1999). 
PBL emphasizes that students share ideas from different 
perspective views and fields, and allows students to regard 
their knowledge as unique during an interactive learning 
process (Benson, 2004).  
 
PBL encourages students to define problems, generate learning 
issues, make connections with prior knowledge, as well as seek 
and understand the relevant information prior to analysis 
(Woods, 2000). Students collect information through multiple 
resources, then analyze and integrate the information in a 
logical manner. PBL activates students existing knowledge, 
constructs new knowledge through collection, analysis, 
comprehension, and integration of empirical data (Morrison, 
2004). Through group problem discussion allows for further 
application of new knowledge in case scenario problem, and 
solutions can be generated and organized (Woods, 2000; 
Morrison, 2004; Schmidt et al., 2011). In PBL, teachers use 
diverse learning strategies such as CM to improve learning 
motivation and strengthen active learning (Sanders and Welk, 
2005; Claudia, 2005). Baugh (1998) indicated that the 
development of CM was due to the utilization of diverse 
learning strategies under the changing nursing curricula. 
 
CM 
 
CM is a visual learning technique, and was first developed by 
Novak in 1972 in the course of Novak’s research program at 
Cornell University. CM is also referenced in the literature as 
Mind Map (Novak and Canas, 2006a). Currently CM is the 
preferred descriptor. It connects secondary concepts that are 
relevant to primary concepts using solid lines, dotted lines, or 
arrows to form a hierarchical network map for knowledge 
integration (Novak and Canas, 2006a). CM is a cognitive 
learning process, in which new and existing knowledge is 
organized and integrated. CM is individual creative thinking 
and active learning to process data, instead of receiving data 
passively (Novak and Canas, 2006a). CM is introduced and 
promoted as part of self-directed learning (PBL is one of self-
directed learning) and a visual construct to assist students to 
better link and integrate the new and existing knowledge 
(Cicognani, 2000). CM can represent knowledge structure by 
illustrating the relationships between relevant concepts within 
a given subject domain (Kassab and Hussain, 2010). Students 
use CM to construct a nursing plan, which is a learning process 
for both the nursing student and teacher (All and Havens, 
1997; Kinchin, 2005; Hill, 2006). CM facilitates students to 
present thinking pattern in a visual way. Teachers can better 
evaluate students’ comprehension of course materials. As such, 
CM is not only a learning guide and assessment tool, but also 
has utility in research and clinical decision-making (All and 

Havens, 1997; Irvine, 1995; Hsu, 2004; Hill, 2006). Studies 
support that CM facilitates to enhance learning performance. 
Tsai, Lin, and Yuan (2001) examined the effectiveness of 
computer-based CM and indicated that students showed 
greater learning motivation. Nursing students using CM as a 
learning strategy, compared their first and final maps, and 
found significant improvement in scores (Hsu, and Hsieh, 
2005). Additionally, students with high learning anxiety had 
positive feedback and preferred to use computer-based CM. 
 
CM used in PBL  
 
Using CM in PBL group discussion, students can effectively 
integrate and utilize new and existing knowledge to achieve 
meaningful learning (Novak, 2002). PBL students can 
construct concept maps incorporating their unique ideas and 
thinking processes to reflect their personal values, roles and 
mindsets. The CM construction process empowers and 
promotes self-directed learning (Hill, 2006). PBL discussion 
integrates the past clinical experiences, case profiles, and 
empirical studies in order to generate a CM. Key to the 
construction of the CM is the inclusion of the patient’s 
personal values and beliefs when developing nursing plans 
(Schuster, 2000; Hill, 2006). The construction of a CM may be 
used to evaluate students’ competency to integrate the 
pathogenesis, diagnostic tests, treatment selection, nursing 
diagnosis, and nursing practices (Lin, Pan, and Chiang, 2005).  
 
CM is used in PBL to promote students’ brainstorming, 
organization, and critical thinking techniques (Spencer, 
Anderson, and Ellis, 2013). The visualization of CM allows for 
the integration of knowledge at multiple levels of awareness 
while also being a tool for effective information management. 
CM is integrated into the delivery of PBL approaches in health 
professions education. Through the use of CM students are 
able to integrate basic and clinical science information, move 
from linear thinking patterns to more integrated holistic 
patterns, and demonstrate critical thinking abilities within their 
disciplines (Daley, and Torre, 2010). Computer-based CM 
programs are available for PBL. However, development of a 
reliable CM- PBL scale is essential for evaluation of use of 
CM in PBL for nursing students. 
 
Aim 
 
The aim of this study was to develop an instrument to evaluate 
the perceptions of using CM in PBL for nursing students.  
 

METHODS 
 
The initial items selection was based on an extensive review of 
the literature and PBL experts conversant with the use of CM 
in the teaching environment. PBL experts refer to those trained 
to be PBL tutors and involved in PBL tutorials for at least two 
semesters. Simultaneously, nursing students were asked in an 
informal focus group scenario to reflect on the use of CM in 
PBL. Based on this information over 52 items were isolated for 
research consideration.PBL group 1. consisting of 3 experts, 
examined the wording and appropriateness of the items.  
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Items that were deemed too similar were deleted or refined. 
These 52 items were examined for validity by PBL group 2 
which consisted of 2 experts. Appropriateness was examined a 
five-point Likert scale (1=irrelevant and should be deleted; 2= 
slight relevance but needs large revision; 3= relevant but needs 
small revision; 4=relevant but needs rewording; 5= relevant no 
revision required) was developed and utilized. Only items with 
a score equal to and over 4 were retained. All 52 items were 
retained. 
 
Each item in the questionnaire used a five-point (1-5) Likert 
scale format. High scores indicated strong agreement; lower 
scores indicated strong disagreement. Scaling assumptions of 
the CM-PBL were tested using means, standard deviations, 
and item-total correlations. Cronbach’s alpha coefficients and 
intra-class correlation coefficients (ICC) and tested for 
reliability. Pilot testing for internal consistency  was conducted 
on 15 nursing students and showed Cronbach’s alpha 0.979. 
These 15 students were asked to comment on the level of 
understanding, appropriateness of items, and the item wording. 
Modifications were based on the suggestions from the students 
and expert panel.  
 
Ethical considerations 
 
The study was approved by the College Research Institutional 
Review Board IRB (Registration number 952A598). The 
procedures and purpose of the study were fully explained to 
the participants before the informed consent was singed and 
data was collected. The privacy and confidentiality of the 
participants was protected at all time and the right to withdraw 
at any time during the study was retained.   
 

RESULTS 
 
Subjects 
 
The study used a cross-sectional design. Common rules for 
adequate sample size for application of Factor Analysis are N 

 200; the ratio of N to the number of variables in the model 

(p) N/ p 10; the ratio of N to the model parameter (q) N/ q 

5 (Hair, Anderson, Tatham, and Black, 1998; Thompson, 
2000). Data was collected from 213 first Year RN –BSN 
program nursing students. Subjects ranged in age from 20-21 
years and 99.8 % were female. The 213 nursing students were 
familiar with PBL and had been introduced to and used CM as 
a learning tool. The students used CM in the PBL discussions 
throughout the entire semester. This included discussions 
based on two clinical cases was total eight scenarios over an 
eight week period. Nursing students completed and returned 
the questionnaires at the end of the semester (at the 18th 
week), with a 100 % response rate, assessing their PBL based 
course  
 
Item Analysis  
 
Item analysis was conducted to select items that were highly 
correlated in order to reduce the item-total. The item-total 
correlation had to be > 0.30 for homogeneity.  

Items were deleted which showed low internal correlation. The 
data was analyzed by factor analysis using the following 
criteria: (1) Bartlett’s test of sphericity for testing the 
hypothesis that the correlation matrix is an identity matrix; (2) 
Kaiser-Meyer-Olkin (KMO) for measuring sample size 
adequacy;  (3) a scree plot for determining the number of 
factors ; (4) the Eigenvalue >1.0 for indicating the number of 
variance in the items of the factor that can be explained; (5) a 
cutting point ≧ 0.4 for factor loading for retaining items; and 
(6) the conceptual consideration to place the items with the 
factor (Strickland, 2003).    
 
Exploratory factor analysis (EFA)   
 
The initial instrument was tested using exploratory factor 
analysis (EFA), which identified the factor structure based on 
data. Items were deleted based on the rules of communalities 
under 0.5 and factor loading below 0.5.  EFA for construct 
validity was computed to validate the construct of the CM-
PBL. The content validity of the 52 items instrument was 
reviewed by the PBL expert panel for wording, and pilot tested 
using15 nursing students with Cronbach’s alpha =0.979. The 
expert panel had received training and had been involved in 
the tutorial process for at least two semesters. Data analysis for 
the item-total correlation must be > 0.30 for homogeneity. The 
52 items-total correlations were ranged from 0.362-0.862. 
Based on the rules, items with communalities and factor 
loading below 0.5 were deleted. Nineteen items were deleted 
and 33 items retained. The KMO measure of sampling 
adequacy was 0.936, suggesting that the patterns of correlation 
were relatively compact. The Bartlett’s Test of Sphericity was 
significant at the level of p<0.0001 (Chi square=4942.376), 
indicating the sample was large enough to conduct factor 
analysis (Table1).   
 

Table 1. KMO and Bartlett's Test 
 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .936 
Bartlett's Test of Sphericity Approx. Chi-Square 4942.376 

Df 528 
Sig. .000 

 
Table 2. The results of the principal axis factor for CM in PBL 

(n=213) 
 

Total Variance Explained by subscales 

Factor Initial 
Eigenvalues 

Extraction Sums of Squared Loadings 

Total Total % of 
Variance 

Cumulative 
% 

 1 15.764 15.369 46.573 46.573 
2 2.030 1.628 4.934 51.507 
3 1.577 1.167 3.536 55.044 
4 1.147 .771 2.337 57.380 
5 1.115 .662 2.006 59.386 

 
The data was analyzed with the statistical computer program 
SPSS 18 and The Principal Axis Factoring analysis post 
rotated variance with Eigenvalue over 1. The indicated 5 
factors explain the 59.386% of total variance. Factor 1 through 
factor 5 was calculated at 46.5 %, 4.9 %, 3.5 %, 2.3 % and 2.0 
% respectively (Table 2, Figure 1). The factor loading of the 
33 items was > 0.54.  
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Table 3. Factor loading for the items in CM-PBL 
 

Structure Matrix 

Items Factor loading  
    1      2      3      4      5 

1. CM feasible for use in PBL    .786 .551 .624 .443 .511 
2. CM increases interest in PBL  .765 .443 .585 .434 .540 
3. CM can be applied to various  courses in health care  .760 .432 .446 .362 .299 
4. CM enhances efficiency in PBL  .754 .543 .700 .434 .657 
5. CM improves long term knowledge  retention l  .751 .538 .598 .633 .485 
6. CM accelerates learning in PBL  .744 .566 .729 .437 .656 
7. CM increases usage of software  available   .715 .507 .581 .368 .481 
8. CM is a useful research method  .673 .403 .544 .448 .360 
9. CM is a manageable strategy in PBL .613 .296 .414 .269 .427 
 

 

     

1.CM improves holistic analysis in  PBL  .497 .822 .548 .489 .428 
2. CM assists clarification of  logical connections in PBL  .579 .802 .603 .448 .477 
3. CM helps integration of information  retrieved from resources .494 .799 .518 .585 .523 
4. CM is an explicit learning  strategy  .454 .789 .604 .448 .551 
5. CM assists integration of new and prior knowledge In PBL  .449 .768 .587 .555 .555 
6. Student construction of CM in PBL improves clinical strategy  .501 .748 .556 .632 .569 
7. CM is a useful meta-cognitive  
  learning process 

.458 .665 .609 .344 .460 

1. CM is a student-centered learning  strategy  .587 .526 .777 .422 .524 
2.CM highlights individual thinking patterns in PBL .540 .595 .776 .391 .423 
3. CM can be applied across multiple disciplines .605 .669 .769 .513 .609 
4. CM is a visual learning and teaching method .630 .699 .756 .468 .429 
5..CM streamlines concepts through visualization .517 .703 .751 .435 .428 
6. CM assists information analysis and organization  .543 .588 .745 .373 .599 
7. CM assists instructors to assess students’ prior knowledge .631 .495 .713 .354 .547 
8. CM simplifies development of nursing process in PBL. .578 .643 .657 .361 .339 
9. CM simplifies prioritization of patient information  .598 .560 .655 .408 .546 
10 .CM reflects students’ individual  
    values in PBL  

 

.432 .345 .545 .5
03 

.279 

1..CM encourages active learning not passive  .405 .473 .433 .705 .400 
2..CM improves learning motivation  .409 .508 .403 .703 .512 
3. CM promotes self directed learning   .514 .534 .536 .689 .535 
4..CM is useful external to the  
classroom in continued learning. 

 

.562 .541 .450 .657 .457 

1..CM improves satisfaction in PBL   .550 .570 .499 .563 .797 
2..CM in PBL increase competency    .478 .517 .506 .521 .792 
3..CM enhances overall enjoyment of classroom learning .715 .513 .689 .340 .720 

 

 
 

Figure 1. Scree plot of 33 items 
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Using the pattern of factor loading, items were examined to 
define the factor names. The factor names based on the loading 
were 1) Increase of learning efficiency, Eigenvalue 15.764, 9 
item load; 2) Integration of knowledge in a holistic view, 
Eigenvalue 2.030, 7 item load; 3) Presentation of individuality, 
Eigenvalue 1.577, 10 item load; 4) Enhancement of leanring 
motivation, Eigenvalue 1.147, 4 item load; 5) promotion of 
learning satisfaction, Eigenvalue 1.115, 3 item load (Table 3). 
The internal consistency of the subscales was calculated by 
Cronbach’s alpha as 0.91, 0.91, 0.91, 0.80, and 0.82 
respectively. Consistency > 0.80 for all factors indicated 
acceptable reliability. 
 

Table 4. Correlation Matrix Showing Correlation Coefficients 
between Factors 

 
 

Factor Correlation Matrix 

Factor 1 2 3 4 5 
 1 1.000 .590 .725 .518 .587 

2 .590 1.000 .689 .586 .572 
3 .725 .689 1.000 .476 .619 
4 .518 .586 .476 1.000 .479 
5 .587 .572 .619 .479 1.000 

 

DISCUSSION  
 

CM is a visual technique to improve creativity and information 
linkages using colors and images to emphasize the 
relationships between ideas and concepts. CM facilitates 
critical thinking in the nursing students, and reveals individual 
differences in learning, perceptions, and understanding (All, 
and Huycke, 2007; Vacek, 2009a; Vacek, 2009b). The wide 
use of CM in nursing education has been well documented. 
CM is both a learning and teaching tool which allows for 
clustering information, and is also useful as an evaluation tool 
for students’ thought processes (Ausubel, 1968). Hill (2006) 
and test indicated that students construct CM which reflects 
their mindsets, while simultaneously empowering self-directed 
learning and increases competency. The process of 
constructing CM assists students identifying main concepts, 
relationships between concepts, making logical cross links, and 
integrating theory into practical application (Hsu, 2004; 
MacNeil, 2007). CM has been used by PBL tutors to promote 
students' brainstorming, organization, and development of care 
plans (All, and Huycke, 2007; Spencer, Anderson, and Ellis, 
2013). Students have to interpret the information they learned 
from textbooks and lectures into knowledge that has 
meaningful value and recognized utility. Students exposed to 
CMs developed better understanding of concepts and be more 
able to effectively apply information to solve case problems 
(Hendricson et al., 2006). It remains essential to have a reliable 
instrument to evaluate and confirm the benefits of a learning 
tool used to assist teaching. This  validated CM-PBL scale was 
developed for nursing students. The five factors were 
identified as: 1) increase of learning efficiency; 2) integration 
of knowledge in a holistic view; 3) presentation of 
individuality; 4) enhancement of learning motivation; 5) 
promotion of learning satisfaction. The satisfaction factor is an 
anomaly within the factors due to the low item load of 3 which 
defies the factor criteria demand of a load of 4. It was 
concluded that the subjective perceptions outweighed the 
criteria requirements while the Eigenvalue of 1.115 supported 
its’ inclusion. The low number of items in factor 4 and 5 

subscale criteria, resulted in a Cronbach’s alpha of 0.80 and 
0.82 respectively. The five factors were extracted with total 
explained variance of 59.386 % and then correlated with 
correlation coefficients between 0.518-0.725. With the 
exceptions of factor 3 (individuality) and 4 (motivation), and 
factor 4 (motivation) and 5(satisfaction) which presented with 
0.476 and 0.479 respectively while remaining significant. The 
process of constructing CM in PBL can be a stressful 
experience which will impact a students’ learning satisfaction. 
Constructing CM is a contradictive process with both positive 
and negative feedback. Kostovich et al. (2007) supports the 
current findings which also indicate students learn how to 
integrate, comprehend, and think critically. However, the 
process of CM has the potential for confusion and is not 
particularly easy. This supports that students’ satisfaction is 
essential and valid to include in the CM-PBL scale. Due to the 
nature of the study several limitations exist. Unfortunately due 
to the low number of PBL tutors available one tutor 
participated in both PBL group 1. and group 2. to examine the 
appropriateness of items. This has the potential to have 
affected the scale. Of the student population studied 98 % were 
female which may also affect the results. Due to time 
constraints and availability another limiting factor is the focus 
on one PBL course over one time period; as opposed to 
multiple courses tested multiple times or multiple courses 
tested one time.  
 
Conclusion 
 
Based on the current literature, this is the first study to develop 
a scale for measuring CM used in PBL for nursing students. 
The CM- PBL scale shows excellent potential for accurate 
evaluation of CM use in PBL amongst nursing students. 
Further validation is required to authenticate the validity of the 
instrument and allow for further refinement.  
 
Relevance to clinical practice 
 
PBL has been widely documented as an effective teaching and 
learning strategy in nursing education to cultivate students’ 
core competence in communication, critical thinking, 
teamwork, holistic care planning, as well as clinical care 
practice. CM is a useful and effective tool for students in 
multiple learning strategies (Kostovich et al., 2007). A valid 
tool evaluating students’ application of CM in PBL is essential 
to support and  improved the use of CM in the PBL classroom 
and clinical practice.  
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