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Abstract A study was conducted to quantify the effec-

tiveness of concept maps in learning physics in engineering

degrees. The following research question was posed: What

was the difference in learning results from the use of concept

maps to study a particular topic in an engineering course?

The study design was quasi-experimental and used a post-

test as a measuring instrument. The sample included 114

university students from the School of Industrial Engineer-

ing who were divided into two equivalent homogeneous

groups of 57 students each. The amount of learning attained

by the students in each group was compared, with the inde-

pendent variable being the teaching method; the experi-

mental group (E.G.) used concept maps, while the control

group (C.G.) did not. We performed a crossover study with

the two groups of students, with one group acting as the E.G.

for the topic of optical fibers and as the C.G. for the topic of

the fundamental particles of matter and vice versa for the

other group. For each of the two topics studied, the evalua-

tion instrument was a test of 100 dichotomous items. The

resulting data were subjected to a comparative statistical

analysis, which revealed a significant difference in the

amount of learning attained by the E.G. students as compared

with the C.G. students. The results allow us to state that for

the use of concept maps, the average increment in the E.G.

students’ learning was greater than 19 percentage points.

Keywords Science education � Concept maps � Physics �
Engineering

Introduction

Concept maps are diagrams that represent organized

knowledge (Novak and Gowin 1984). The theoretical basis

for concept maps relies on Ausubel’s Assimilation Theory

(Ausubel 1968, 2000) and Novak’s Theory of Learning

(Novak and Gowin 1984), which state that people learn

new things by using their existing knowledge and looking

for ways to assimilate new knowledge. When learning

meaningfully, the integration of new concepts into our

cognitive knowledge structure occurs by linking this new

knowledge to concepts we already understand.

A concept map is a graphical representation of these

relationships between concepts in our cognitive structure.

Because these knowledge representation tools must have a

basic construction and specific characteristics (Cañas et al.

2003), not all graphs that contain text in their nodes are

concept maps. Moreover, the literature is full of diagrams

that are incorrectly portrayed as concept maps. Concept

maps are two-dimensional, hierarchical, node-linked dia-

grams that represent conceptual knowledge in a concise

visual form (Quinn et al. 2004; Horton et al. 1993).

Concept maps include not only concepts (often repre-

sented by a labeled box or circle) but also the relationships

between the concepts (represented by a connecting line

linking two concepts) (Novak and Cañas 2006). Words

written on the line, called linking words, indicate the

relationship between the two concepts. Any concept-link-

concept triad is a meaningful statement termed a proposi-

tion or a unit of meaning. When creating a concept map,

we must ensure that every two concepts and their corre-

sponding linking phrases form a unit of meaning or a short

sentence. A good concept map must emphasize the rela-

tionships between and among important concepts (Zeitz

and Anderson-Inman 1992; Markow and Lonning 1998).
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Thus, a concept map consists of a graphical representation

of a set of propositions about a topic, and every concept

map responds to a focus question that clearly identifies the

issue the concept map should help to resolve.

When fostering creative thinking, there are two signifi-

cant aspects of concept maps: a good hierarchical structure

and the ability to find new cross-links (Novak and Cañas

2006). Concept maps tend to be represented in a graphi-

cally hierarchical fashion, with the most general concepts

at the top of the hierarchy and the more specific, less

general concepts arranged below. Cross-links are rela-

tionships between concepts in different segments of the

concept map. They represent creative leaps because they

help us see how a concept in one domain of knowledge

represented on the map is related to a concept in another

domain of the map.

Created with IHMC CmapTools, Fig. 1 presents

a Concept Map of Concept Maps

Concept maps are widely used at different educational

levels to help students better assimilate the concepts they

are studying by developing new propositions that are nat-

urally integrated into the student’s cognitive structure,

which leads to meaningful learning (Jonassen et al. 1997;

Jonassen 2000; Novak and Gowin 1984; Okebukola and

Jegede 1988; Pérez et al. 2001; Roth and Roychoudhury

1994). Indeed, the theory of meaningful learning states that

the learning process is an interaction between pre-existing

knowledge in the student’s cognitive structure and new

knowledge that is being assimilated (Ausubel 1968;

Mintzes et al. 1998). As Ellis et al. (2004) noted, in science

and engineering teaching, the learner’s existing knowledge

often contains deeply rooted misconceptions that make

new learning difficult. The use of concept maps is prom-

ising, as it highlights issues of knowledge, knowledge

structure, and the way ideas are related. For Pérez et al.

(2010), there is clear evidence of the effectiveness of

concept maps in assessing students’ prior knowledge of

scientific content and how it is organized (Anderson-Inman

et al. 1998; Caswell and Wendel 1992) as well as the

degree of understanding that students attain (Markham

et al. 1994; Novak et al. 1983).

If used to their full potential, concept maps are an

effective tool for stimulating meaningful learning, allowing

students to construct knowledge through the organization

and hierarchization of conceptual content (Novak et al.

1983; Novak and Gowin 1984; Novak and Musonda 1991;

Chiu et al. 2000). Concept maps have a demonstrated

effectiveness as cognitive tools (Cifuentes and Hsieh 2003;

Kwon and Cifuentes 2007), regardless of whether students

construct them individually or collaboratively in groups,

although they are more effective in the latter case (Roth

and Roychoudhury 1993; Kwon and Cifuentes 2007;

Haugwitz et al. 2010). Studies have also demonstrated the

usefulness of concept maps in synthesizing content studied

during or at the end of a learning sequence (Horton et al.

1993; Pankratius 1990).

Fig. 1 Concept map about concept maps: Adaptation of the map created by J.D. Novak in his paper ‘‘The theory underlying concept maps and

how to construct them’’, using the CmapTools software
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As Cañas et al. (2003) state, the issue is not whether

concept maps enhance learning; as with any other tool,

their effectiveness depends on how are they used and the

conditions in which they are used. Horton et al. (1993)

reviewed the educational effectiveness of concept maps,

finding that their educational benefits range from very

positive to negative effects, with almost all studies showing

various degrees of positive effects.

Focusing on the use of concept maps in science edu-

cation, Okebukola and Jegede (1988, 1989) documented

some of the primary advantages of concept maps, par-

ticularly a positive influence on students’ academic per-

formance. Montanero and Montanero (1995) studied their

utility as pre-organizers, i.e., as a means of presenting an

initial overview of the content and connecting it with

students’ prior knowledge. Walker and King (2003)

named concept maps among several referenced forms of

student assessment. Hernández and Serio (2004) com-

pared several methods of teaching a scientific topic and

showed that preparing a concept map is particularly useful

as a method of pre-organization, regardless of whether the

teacher presents it or the students themselves construct it,

as long as the teacher explicitly helps students connect the

map with what was just learned. Broggy and McClelland

(2008) investigated the impact of concept maps on

learning physics. The process of constructing a concept

map is a powerful learning strategy that forces the learner

to actively think about the relationship between the terms.

For learners who perceive science as simply memorizing

facts, concept maps are especially suited to studying sci-

ence (Dorough and Rye 1997).

Austin and Shone (1995) used concept maps for

assessment in physics and showed that they are useful in

assessing the comprehension of relationships between the

concepts required for multiple-step problem-solving in

physics. For example, Zieneddine and Abd-El-Khalick

(2001) studied the effectiveness of concept maps as

learning tools in developing students’ conceptual under-

standing in a freshmen college physics laboratory course

and showed that those students who used concept maps

scored substantially higher than those students who did not

use maps. Moreover, the participants noted that concept

maps helped them organize knowledge and promoted

comprehension of physics concepts.

Other studies have pointed out the advantages of the

collaborative use of concept maps in physics. Collaborative

learning is based on the idea that students influence each

other’s learning when they exchange knowledge and

negotiate its meaning (Baker et al. 1999; Barron 2003).

There is evidence that this type of classroom activity

changes misconceptions of physics. Roth and Roy-

choudhury (1992) found that when explanations and jus-

tifications were more extensive in discussions, there was a

greater likelihood of conceptual change. Pérez et al. (2008)

carried out a series of educational experiments wherein

they tested the implementation of concept maps in support

of processes of the collaborative reconstruction of knowl-

edge and conceptual change in undergraduates. Their

results demonstrated concept maps’ potential to foster

awareness and then to modify implicit theories about

physical phenomena.

With the development of new technologies, many con-

structivist-based software programs have been developed

for the individual or collaborative creation of concept

maps, such as CmapTools, Inspiration, SmartIdeas,

DEMCO, MACOSOFT and inter alia. The benefits pro-

vided by these computer tools have been widely recognized

(Anderson-Inman and Zeitz 1993; Anderson-Inman and

Ditson 1999; Royer and Royer 2004; Kwon and Cifuentes

2009; Nian-Shing Chen et al., 2008; Chiu et al. 2000;

Alpert and Grueneberg 2001; Fisher et al. 1990; Reader

and Hammond 1994; Liu et al. 2010; Cline et al. 2010).

Concept maps are especially suitable in collaborative

learning (Cañas et al. 2003; Stoyanova and Kommers 2002;

Okebukola and Jegede 1988; Haugwitz et al. 2010; Pérez

et al. 2006).

Although it is widely accepted that students learn more

when they use concept maps (Novak 1998; Slotte and

Lonka 1999; Patterson et al. 1992; Stoyanova and Kom-

mers 2002; Pérez et al. 2006), the following question is

frequently raised: ‘‘How much more do students learn as

compared to when concept maps are not used?’’ We

understand this question’s motivation as assessing whether

the improvement gained is worth the effort involved in

learning how to use concept maps. The present study

attempts to quantify this improvement with experimental

data by comparing the effectiveness of two models of

knowledge in teaching physics concepts in engineering

disciplines as measured by the increase in the amount of

learning that students attain when using them.

The research was conducted with university students

from different disciplines first as a pilot trial during the

academic year 2008–2009 (with none of these students

participating in the definitive experiment) and then in

2009–2010 (the definitive collection of data). The

experiment consisted of a comparison of the results of

the academic performance of two student groups: one

experimental group and one control group. The meth-

odological approach for the experimental group was

based on the use of concept maps, while the control

group was based on traditional teaching without concept

maps.

Figure 2 shows an example of a concept map of deg-

radation of the signal in an optical fiber. This concept map

was one of those used by students in the experimental

group.
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Objectives and Methods

Objectives

This study’s main objective was to examine the effective-

ness of concept maps in teaching physics concepts by

experimentally determining the amount of learning that is

attained by using concept maps, which was compared with

that attained by students who did not use these maps, thus

allowing us to quantify the effectiveness of using concept

maps as a teaching strategy.

Hypotheses

The working hypotheses tested in the study were as

follows:

Null Hypothesis (H0): There is no difference in the

average learning attained by a group of students working

with concept maps compared to an equivalent group

studying the same topic but without using concept maps.

Alternative Hypothesis (H1): There is a difference in the

average learning attained by a group of students working

with concept maps compared to an equivalent group

studying the same topic but without using concept maps.

Sample

The experimental study was conducted during the aca-

demic year 2009–2010 with 114 junior and senior students

pursuing degrees in Electronic or Materials Engineering in

the School of Industrial Engineering at the University of

Extremadura. To guarantee the homogeneity between both

groups, the students were evenly divided into two working

groups according to capabilities, discipline, and academic

record. Each group used two different teaching methods in

their study of two physics topics, acting as the experi-

mental group for one of the topics and as the control group

for the other topic. Thus, one can quantify the learning

achieved by the students in terms of the teaching methods

used (as proposed in hypotheses H0 and H1). More specific

guidelines are included below.

The first group of 57 students acted as the control group

for the study of optical fibers (C.G.t1) and as the experi-

mental group for the study of the fundamental particles of

matter (E.G.t2).

The second group of 57 students acted as the experi-

mental group for the study of Optical Fibers (E.G.t1) and as

the control group for the study of the Fundamental Particles

of Matter (C.G.t2).

Figure 3 shows a conceptual map of how students were

distributed in the working groups.

The teaching method used for the experimental groups

(E.G.t1 and E.G.t2) was based on the use of concept maps

linked together, forming an advanced model of knowledge

(Novak and Cañas 2006) of the subject studied as a

learning strategy. The method used for the control groups

(C.G.t1 and C.G.t2) was based on the use of a set of texts

provided by the instructor, without the aid of concept maps.

To ensure that the conceptual content of the topics under

Fig. 2 Example of a conceptual

map collaboratively developed

by students in the pilot course,

which would be later used with

students in the experimental

group
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investigation were the same for the two groups, the concept

maps used by the experimental groups were prepared from

the texts provided to the corresponding control groups.

In most studies cited in the introduction, the concept

maps employed were created by students. This is because

the authors considered that the act of drawing a map can

itself facilitate concept learning, as attempting to construct

a concept map forces the individual to confront precon-

ceptions and concept comprehension and to seek clarifi-

cation when necessary (Anderson-Inman et al. 1998; Ellis

et al. 2004). As an alternative, teachers can generate con-

cept maps and use them as ‘advance organizers’ (Broggy

and McClelland 2008). Here, the teacher constructs a

concept map that focuses on the upcoming lessons’ con-

tent. Smith (1987) finds concept maps a worthwhile heu-

ristic in helping experts transmit their own knowledge

more clearly to learners and in helping learners better

understand the structure of knowledge. This allows stu-

dents to identify connections between the conceptions they

already possess and the new learning material. With con-

cept maps, information can be presented in a condensed

manner without sacrificing complexity and meaning. Gul

and Boman (2006) declare that the visual presentation of

concept maps allows students and teachers to identify the

information without the dense presentation of words and

verbal structures. Concept maps made by expert teachers in

the field are an effective tool for teaching and learning

physics and have a positive impact on both short-term and

long-term learning.

In addition to the above-mentioned studies, the benefits

of learning after collaboratively constructing concept maps

have also been corroborated (Cañas et al. 2003; Stoyanova

and Kommers 2002; Okebukola and Jegede 1988; Haug-

witz et al. 2010; Pérez et al. 2006). These studies led to our

decision that the concept maps used by students of the

experimental groups would be constructed by the expert

teacher and then reconstructed collaboratively with a pilot

group of students in the School of Industrial Engineering

during the 2008–2009 academic year. This guaranteed that

the revised version’s propositions were units of meaning

negotiated between the teacher and students.

We developed two models of knowledge for specific

topics constructed collaboratively with a group of students

in the School of Industrial Engineering: (1) Optical Fibers

comprised 13 interlinked maps supplemented with a mul-

titude of resources and (2) the Fundamental Particles of

Matter comprised 6 interlinked concept maps with sup-

plementary resources. The two models are available on our

Cmap Website ‘‘Universidad de Extremadura (España)’’ in

the directory ‘‘Modelos de Conocimiento,’’ where they can

be used interactively through the CmapTools application.

(See http://grupoorion.unex.es:8001/servlet/SBReadResou

rceServlet?fid=1HWBMHTH4-DQ0BWM-1Z7K for the

knowledge model of Optical Fibers, and http://grupoorion.

unex.es:8001/servlet/SBReadResourceServlet?fid=1HWB

MTSTH-14RY2TP-1ZQD for the knowledge model of

Fundamental Particles of Matter).

Research Design

The study was conducted following a quasi-experimental

crossover design with a post-test and control group. The

teaching method used was taken to be the independent

variable, i.e., whether concept maps were used in teaching

physics. The dependent variable was the amount of learn-

ing attained by the students. To ensure the validity of our

study, we controlled for possible interfering variables that

may influence the final result, i.e., the topics chosen for

study and the instructor’s teaching skill.

In the first case, the topic chosen for study could influ-

ence the results because the existence of prior knowledge

of the subject matter would likely affect the final level

attained by a particular student. To make the starting point

as uniform as possible and to better delimit the real dif-

ferences in the amount of learning attained by the experi-

mental groups compared with the control groups, we chose

topics with high-level content that would not have been

covered previously in any lecture courses taken by the

students. These topics were ‘‘optical fibers’’ and ‘‘funda-

mental particles of matter’’. This choice ensured that the

students would have minimal initial knowledge of the

topic, which also minimized the influence of the interfering

variable ‘‘prior knowledge’’ on the final results.

In the second case, to minimize the effect of the

instructor’s teaching skills as a variable, the same instructor

taught both groups of students; that is, the instructor taught

ten 2 hours sessions with each group of students: five

sessions on topic 1 and five on topic 2. In the sessions with

Fig. 3 A concept map showing the distribution, the teaching

methodology used, and the topic studied by each group (control and

experimental)
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a control group, the instructor used a classical teaching

methodology and relied on traditional resources and texts

to explain content. In the sessions with an experimental

group, this same content was explained using interlinked

concept maps with the software program CmapTools

(Cañas et al. 2001, 2003; Novak and Cañas 2006). This

software package provides a virtual learning space in

which concept maps can be constructed collaboratively as

complete models of knowledge of a topic under investi-

gation and can be used as a tool with which to navigate

through its complex domains of knowledge. It allows users

to add resources to the maps they construct (e.g., images,

videos, tables, text), thereby promoting meaningful, active,

and participatory learning.

The teaching method used by the teacher of the exper-

imental groups was based on the explanation and devel-

opment of concepts and relationships between them, which

is the basis of proposals for making concept maps (Moon

et al. 2011). This teaching methodology was intended to

focus students’ attention on the most significant relation-

ships between the fundamental concepts of the subject

matter and was used because the concept map is an ideal

tool to negotiate the meanings of concepts and their cor-

responding relationships. The CmapTools software was

used to support the first construction of concept maps by

the expert teacher, collaborative reconstruction of concept

maps with the pilot group, and the subsequent presentation

and use of concept maps in classes with students of the

experimental groups.

During the sessions when the teacher worked with stu-

dents of both control and experimental groups, all students

had at their disposal the material their instructor used in the

respective theoretical classes, i.e., texts, notes, and pre-

sentations on the content (control group students), and

models of knowledge with concept maps (experimental

group students). On completion of the theoretical classes,

both working groups were assigned the same amount of

time (about 8 hours) for individual study using the material

that they had been given.

Evaluation Instruments

The instrument used to quantify the students’ conceptual

learning consisted of two post-tests (one for each study

topic). An initial design of 120 questions in each test was

given to twenty students in the pilot trial. The results were

subjected to analysis using the LXR-TEST software pro-

gram (Logic eXtension Resources 2011) to eliminate

questions that were insufficiently discriminatory. To this

end, the items were first analyzed qualitatively to verify

their consistency with the content to be evaluated and then

quantitatively to calculate each item’s discrimination

index. From this analysis, we reconstructed two final tests

of 100 dichotomous items, each of an equivalent standard

of demand of conceptual understanding. These final tests

served as post-tests to evaluate each working group when

they had finished studying the corresponding topic. The

tests are available at the following web address where our

students worked interactively with concept maps: http://

grupoorion.unex.es:8001/servlet/SBReadResourceServlet?

fid=1HWBMHJHW-1PFXF03-1Z6Y.

To qualitatively assess the validity of the experience, we

conducted a series of informal interviews upon completion

of the classes to keep a record of student satisfaction,

where they could show their opinion on the methodology

used. The qualitative information collected in these inter-

views can be summarized like this: the use of models of

knowledge with concept maps provided not only a more

dynamic and entertaining environment in the classroom,

but it also secured a more efficient learning. The acquired

knowledge about the more relevant concepts to the subject

matter was built in a more robust way by students.

Statistical Analysis

To test the research hypotheses, the post-test scores were

subjected to a descriptive statistical analysis, which inclu-

ded verifying the normality of their distribution. The

resulting statistics allowed us to determine the amount of

learning attained by the students of each group and to

quantify the increment in learning achieved by the exper-

imental groups compared to the control groups. These

analyses were carried out using the IBM SPSS program

package (Argyrous 2005; Levesque 2007).

Results and Discussion

Table 1 (left) presents the statistics for the scores the stu-

dents obtained in their study of Optical Fibers, including

the sample size, mean, standard deviation, standard error of

the mean, first and third quartiles, and the difference in

scores between the experimental groups compared to

control groups (D learning (DL)). The columns correspond

to the mean results obtained by the E.G.t1 and the C.G.t1

groups. Table 1 (right) presents the equivalent statistical

results for the post-test evaluating the Fundamental Parti-

cles of Matter topic.

Table 2 shows the Shapiro–Wilk test to verify the nor-

mal distribution of the sample population of all working

groups.

The results of the Shapiro–Wilk Test (Table 2)

allowed us to accept the normality of the C.G. distri-

butions because the p-values corresponding to the two

control groups were considerably greater than 0.05

(significance between 0.606 and 0.200). However, in the
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experimental groups, the variable of correct answers was

not distributed as a normal distribution, as the values of

significance obtained in both groups E.G.t1 and E.G.t2

were below the predetermined alpha level of significance

(0.05). This led us to choose the parametric Student’s

t test for comparison between test results obtained in the

control group (C.G.t1 and C.G.t2) and to choose the

nonparametric Mann–Whitney test (Mann and Whitney

1947) to analyze the difference in scores between the

experimental groups (E.G.t1 and E.G.t2) and their

respective control groups.

Table 1 shows differences in the mean scores obtained

by the various working groups: E.G.t1 (83.51 ± 0.92)

points over 100, C.G.t1 (61.74 ± 0.93) points over 100,

E.G.t2 (82.42 ± 1.02) points over 100 and C.G.t2

(62.88 ± 1.07) points over 100. In the following section,

we will examine these differences in detail.

For example, there was a difference in the mean scores

of the two control groups. To verify if this difference was

significant at a 5 % significance level, we applied the

Levene test and Student’s t test for the equality of means of

independent samples due to the normal distribution of the

correct answers in the control groups (Table 2). The pur-

pose of comparing the two control groups was to verify (1)

if the mean scores obtained by the two groups were similar

and (2) if the two topics selected were similar in difficulty

(in terms of the students’ capabilities). The results of these

tests are presented Table 3.

The Levene test (Table 3) showed that the homoske-

dasticity of the two groups could not be rejected because

the p-value was 0.277 (p [ 0.05). Indeed, the table shows

that the difference in the means was 1.140 with a standard

error of 1.419. The two-tailed p-value resulting from the

t test was 0.423 (p [ 0.05), and the difference between the

two groups was not significant at a 5 % significance level.

In particular, this indicates that the mean scores obtained in

the two control groups were similar and that the two topics

were therefore similar in difficulty.

Given this equivalence in the difficulty of the topics as

established for the control groups, the question to consider

was whether the use of a concept map-based teaching

strategy would lead to similar learning increments for the

two topics or whether these increments would be influ-

enced by the choice of topic. To control for this variable,

the study design crossed the student groups so as to isolate

Table 1 Descriptive statistics of the responses of the C.G. and E.G. students in the study of optical fibers (left-hand side) and in the study of the

fundamental particles of matter (right-hand side)

Topic 1: optical fibers Topic 2: fundamental particles of matter

E.G.t1 C.G.t1 E.G.t2 G.C.t2

N student 57 57 57 57

Mean 83.51 61.74 82.42 62.88

Standard error of the mean 0.92 0.93 1,02 1.07

Standard deviation 6.92 7.05 7,72 8.07

Percentile

25 77.00 56.00 75.00 57.00

75 88.00 67.00 86.20 68.8

D learning (DL) 83.51–61.74 = 21.77 percentage points 82.42–62.88 = 19.54 percentage points

Table 2 Shapiro–Wilk Test

Shapiro–Wilk

Statistical d.f (degrees

of freedom)

Significance

C.G.t2 0.983 57 0.606

E.G.t2 0.950 57 0.021

G.C.t1 0.972 57 0.200

E.G.t1 0.930 57 0.003

Table 3 Levene test and Student’s t test for independent samples for

a 5 % significance level (a = 0.05): control groups

Differences between control groups Homoskedasticity

assumption

Levene homoskedasticity test

F 1.195

Significance (p-value) 0.277

t test for equal means

t 0.803

d.f. (degrees of freedom) 112

Significance (p-value) 0.423

Difference of means 1.140

Standard error of the difference 1.419

95 % confidence interval for the difference

Lower -3.952

Upper 1.672
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the independent variable ‘‘teaching method’’ from possible

interfering variables regarding the homogeneity of the

groups. Thus, the students of C.G.t1 acted as E.G.t2, while

those of C.G.t2 acted as E.G.t1.

Table 1 demonstrates that the mean scores of the two

experimental groups were similar and different from those

obtained for the control groups. To verify if these differ-

ences with the respective control group scores were sig-

nificant at a 5 % significance level (a = 0.05), the data

were subjected to a Mann–Whitney test to test the fol-

lowing null hypothesis: ‘‘There is no increase in the aver-

age learning attained by a group of students working with

concept maps compared to an equivalent group studying

the same topic but without using concept maps.’’. The

results of the Mann–Whitney test are presented in Tables 4

and 5.

Table 4 shows that the C.G.t1 group had an average

rank of 29.75, while the E.G.t1 had an average rank of

85.25. It could also be seen that C.G.t2 had an average rank

of 31.65, while E.G.t2 had an average rank of 83.35. The

results of the Mann–Whitney test (Table 5) were in the

expected direction and were significant, z = -8.972 (topic

1), z = 8.356 (topic 2), and p \ 0.05, showing that the

differences in mean scores of the experimental groups with

respect to their respective control groups were significant

(i.e., not due to chance but to the teaching strategy used).

Based on the results obtained from the Mann–Whitney

test, we can say with a significance level of 5 % that there

was an increase in the experimental group’s scores. In

terms of averages, the increase of learning achieved by

students using concept maps is estimated at 21.77 per-

centage points for the topic of Optical Fibers and at

19.84 percentage points for the topic of the fundamental

particles of matter, a result consistent with that obtained for

topic 1. The value of the mean learning increment differed

between the two topics. When directly comparing the mean

test scores, there were no apparent significant differences in

the learning increments between the two topics studied.

With a more exhaustive study comparing a greater number

of topics, we would be able to say whether the learning

gain obtained by using concept maps is independent of the

topic chosen, provided that those topics have an equivalent

level of conceptual content and are studied at the same

level of demand. This comparison would allow us to apply

the present findings to many other topics.

The results were both statistically and educationally

significant, given the large effect size coefficients obtained:

r = 0.842 for the topic of optical fibers and r = 0.778 for

the topic of the fundamental particles of matter.

Taking into account the existence of an increase in the

percentage of correct answers on tests of students in the

experimental group versus the control group, these results

allow us to answer the following research questions:

A. Results relative to research question 1: What percent-

age of items on a test have a DL higher than a given

level? Figs. 4 and 5 present the answer to this

question.

In Fig. 4, one can read the percentage of items that have

a learning increment greater than a certain value repre-

sented on the X-axis. For example, when the test is taken by

the experimental group students, 60 % of the items have a

learning increment greater than 18 percentage points.

B. Results relative to research question 2: Given a

specific item on a test, what is the probability that

DL is greater than a certain level? Table 6 presents the

results corresponding to the two topics studied.

For example, for topic 1, there is a 74 % probability that

the learning increment of a particular item will be greater

than 20 percentage points.

Conclusions

The results confirm our initial hypothesis that there is a

difference in learning for students who use concept maps

and the CmapTools software package as compared to

those who do not. This increment, DL, was determined

for the study of both optical fibers and the fundamental

particles of matter. The results are consistent with those

of other studies showing that concept maps are a useful

cognitive strategy for the structured acquisition of infor-

mation and for discovering the meaning of the concepts

being learned. The results also suggest that the learning

gains achieved by using concept maps are similar to the

study of topics that were clearly distinct but with an

Table 4 Results of the Mann–Whitney test

Groups N Mean rank Sum of rank

C.G.t1 57 29.75 1,695.50

E.G.t1 57 85.25 4,859.50

C.G.t2 57 31.65 1,804.00

E.G.t2 57 83.35 4,751.00

Ranks

Table 5 Mann–Whitney test for a 5 % significance level (a = 0.05)

for topic 1 (left) and topic 2 (right)

Topic 1 Topic 2

Mann-Whitney U 42.500 151.000

Wilcoxon W 1,695.500 1,804.000

Z -8.972 -8.356

Significance 0.000 0.000
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equivalent level of conceptual content; however, further

research on additional topics should be carried out to

confirm the latter conclusion. In sum, our results confirm

that concept maps are an effective tool for general physics

teaching because they help students learn the concepts

meaningfully, regardless of the topic under investigation.

Fig. 4 Percentage of items whose DL exceeds a certain level (represented on the horizontal axis): Topic 1

Fig. 5 Percentage of items whose DL exceeds a certain level (represented on the horizontal axis): Topic 2
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In particular, we found that the implementation of con-

cept map-based teaching methods increased learning by

21.77 percentage points on average.
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