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Abstract

Concept map assessment has been applied to many education 
areas to measure students’ knowledge structure. However, the prop-
er and valid use of concept map assessment has not been examined 
in physical education. The purpose of this study was to evaluate 
the evidence of validity and responsiveness of the concept map as-
sessment scores in physical education teacher education (PETE) 
programs. Concept map data were collected from 56 students. Two 
raters independently scored concept maps using structural method 
and relational method. Intraclass correlation coefficient (ICC) was 
used to examine interrater reliability. Independent t tests and paired 
t tests were used to examine validity and responsiveness. High level 
of reliability was seen between two raters (ICC = .946–.985). The 
results of this study provided the evidence of validity and responsive-
ness. Concept map assessment reflects expected difference between 
the groups and the change in students’ knowledge structure over 
time. In conclusion, the feasibility of the concept map assessment in 
PETE was identified in this study.

Yun Soo Lee  is an assistant professor, Department of Physical Education, Dankook Uni-
versity. Yongkyu Jang is a professor, Department of Physical Education, Seoul National 
University of Education. Minsoo Kang is a professor, Department of Health and Human 
Performance, Middle Tennessee State University. Please send author correspondence to 
Yun Soo Lee, Department of Physical Education, College of Education, Dankook Univer-
sity, Yongin, South Korea. E-mail: yslee@dankook.ac.kr

206

The Physical Educator			                Vol. 72   •   pp. 206–223   •   2015



	 Lee, Jang, Kang          207

Providing high-quality education and training to teacher candi-
dates in teacher education programs is important. In 2008, for ex-
ample, the National Association for Sport and Physical Education 
(NASPE) proposed national standards for initial physical education 
teacher education (PETE) to establish high-quality PETE programs 
in the United States. Teacher candidates in PETE programs need 
to be provided with acceptable knowledge, skills, and dispositions 
(National Council for Accreditation of Teacher Education [NCATE], 
2008). PETE programs also need to be evaluated using the standards 
(e.g., NASPE, NCATE) that were adopted for the program. Conse-
quently, it becomes necessary to assess teacher candidates’ knowl-
edge and skills using valid and reliable assessment tools. 

Traditionally, teacher educators have used a variety of assess-
ments to measure teacher candidates’ knowledge and skills. One 
of the most widely used assessment tools is a written test (Lund 
& Kirk, 2002), which comprises short-answer questions, multiple-
choice questions, essay questions, matching questions, true–false 
questions, classification questions, and rearrangement questions. 
Journals, lesson planning, projects, and portfolios are also often 
used as assessment tools in teacher education programs (Lund & 
Kirk, 2002). However, these traditional assessments have limita-
tions for assessing teacher candidates’ knowledge. First, these tools 
are used to assess only limited and lower order knowledge (e.g., 
remembering and comprehension). Second, it takes much time to 
assess and grade teacher candidates’ in-depth knowledge. For these 
reasons, teacher educators are in need of new and better ways to as-
sess teacher candidates’ knowledge.

Concept map assessment is an alternative way of assessing 
teacher candidates’ knowledge structure. A concept map is a dia-
gram “to represent meaningful relationships between concepts in 
the form of propositions” (Novak & Gowin, 1984, p. 15). Concept 
maps include main ideas (i.e., key concepts) that are enclosed in cir-
cles with arrows to connect one concept (i.e., one circle) to another. 
On the arrow lines, there are linking words or phrases to explain the 
relationship between the two concepts. Propositions are developed 
in concept maps, including two or more concepts with linking words 
or phrases to make a meaningful statement (Novak & Cañas, 2008). 
Joseph Novak developed concept maps in his research program at 
Cornell in 1972 (Novak & Cañas, 2008). This research program was 
based on David Ausubel’s (1968) cognitive psychology theory (as 
cited in Novak & Cañas, 2008), of which the principle concept is 
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that “learning takes place by the assimilation of new concepts and 
propositions into existing concepts and propositional frameworks 
held by the learner” (Novak & Cañas, 2008, p. 3). 

Concept map assessment is an effective tool to demonstrate an 
individual’s organization of knowledge and decision making (West, 
Pomeroy, Park, Gerstenberger, & Sandoval, 2000). It may also be 
used to measure teacher candidates’ abilities to apply, analyze, syn-
thesize, and evaluate. It is simple and easy to teach teacher candi-
dates to generate concept maps (McClure, Sonak, & Suen, 1999; 
Rice, Ryan, & Samson, 1998) and requires little time for teacher 
educators to grade them. An individual’s knowledge structure can be 
expanded with new knowledge plus existing knowledge (Novak & 
Cañas, 2008). As a result of the connections between new and exist-
ing knowledge, teacher candidates can gain a deeper understanding 
of the topic. Furthermore, the process can be repeated to show evi-
dence of how teacher candidates are integrating new knowledge into 
existing concept maps. 

Research on concept maps has been developed in science educa-
tion, wherein researchers measure students’ knowledge by scoring 
the structure of the concept maps or the relationships among the 
concepts. McClure et al. (1999) established reliability, validity, and 
logistical practicality for concept map assessment using three scor-
ing methods by comparing the students’ concept maps with a master 
map. They suggested that concept maps can be used to find unique 
and valuable information about students’ knowledge structure (Mc-
Clure et al., 1999). Other researchers have tried to measure proce-
dural knowledge as well as declarative knowledge using concept 
maps (Rice et al., 1998). 

Shulman (1986) proposed his view of the knowledge for teach-
ing (a) subject matter content knowledge (CK), (b) pedagogical 
content knowledge (PCK), and (c) curricular knowledge. Teach-
er educators in educational communities are interested in teacher 
knowledge and attempt to develop and assess teacher candidates’ 
knowledge effectively. Therefore, it is important to assess teacher 
candidates’ different knowledge accurately (e.g., CK, PCK, curricu-
lar knowledge) using different assessment tools. If teacher educators 
use concept maps as an alternative assessment tool, it would be ben-
eficial to measure teacher candidates’ knowledge base for teaching 
that which Shulman described. The reason is because it takes little 
time for teacher educators to train teacher candidates and to score 
concept maps. It is also not difficult for teacher candidates to create 
concept maps in terms of time and skills. 
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Concept map assessment has been recommended for use in sub-
ject matters such as biology education (Pearsall, Skipper, & Mint-
zes, 1997), engineering education (Besterfield-Sacre, Gerchak, Ly-
ons, Shuman, & Wolfe, 2004), science education (McClure & Bell, 
1990; McClure et al., 1999; Rice et al., 1998; Ruiz-Primo & Shav-
elson, 1996; Rye & Rubba, 2002), medical education (Kassab & 
Hussain, 2010; West, Park, Pomeroy, & Sandoval, 2002; West et 
al., 2000), physics education (Austin & Shore, 1995), and physical 
education (PE; Ennis, Mueller, & Zhu, 1991; Mohammed, 2010; 
Rink, French, Lee, Solomon, & Lynn, 1994). However, the proper 
scoring methods of a concept map and the validity and responsive-
ness of concept map assessment have not been examined in PETE 
programs. The purpose of this study was to evaluate the evidence 
of validity and responsiveness of concept map assessment scores in 
PETE programs. 

Method

Participants

The participants were 57 students (i.e., 31 students in Group A 
and 26 students in Group B) who were recruited from the PETE 
program at a university in the southeast region of the United States. 
A power analysis was performed prior to this research study based 
on West et al.’s (2000) data. Their concept map data were used, and  
test of difference between two independent means was selected to 
estimate sample size of this study. The results indicate that a sample 
size of 52 (26 in each group) is necessary, given the effect size of 
0.92, alpha of .05, and the power of 0.90. 

This study was approved by the institutional review board at 
this university. A written informed consent form was collected from 
each participant. The participants in Group A were students who 
were taking a course, Assessment in Physical Education, which is a 
senior-level course according to the sequence of the program. The 
participants in Group B were students who were taking Introduc-
tion for Teaching Physical Education, a sophomore-level course and 
an initial course for PE-related majors (e.g., health education, lei-
sure and recreation, exercise science). Students in Group A were 
requested to complete two concept maps, and students in Group B 
were requested to complete one concept map. One student in Group 
A did not complete a second concept map, resulting in removal from 
further analysis. Therefore, 56 participants’ data (i.e., 30 students in 
Group A and 26 students in Group B) were used in this study.
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Setting

The participants completed concept map training and created 
a concept map about the topic, assessment in PE. This topic was 
selected because (a) the use of quality assessment is one of the im-
portant concepts that teacher candidates should obtain from a PETE 
program; (b) this topic is aligned with National Standard 5, impact 
on student learning (NASPE, 2008); and (c) the researcher is famil-
iar with this topic to score concept maps accurately as a rater. 

Instructions about assessment in PE were provided to only 
Group A using the course textbook (Lund & Veal, 2013). Using this 
textbook, students learned about key concepts related to assessment 
with a number of related activities to consolidate student under-
standing. The instructor taught key concepts of the assessment in 
PE. The participants in Group A read and completed all tasks in 
Chapters 1 to 14. The instructor provided examples about key con-
cepts and showed how to develop assessment plans for PE classes. 
The participants had opportunities to discuss the concepts within 
small groups and as a whole group. In addition, the participants had 
opportunities to use and experience different assessments while en-
gaged in a lab activity, a badminton unit. This provided the students 
with practical application of many of the key concepts.

Data Collection

The researcher trained each participant for 1 hr about how to 
draw a concept map using a free online software program (i.e., 
http://cmap.ihmc.us/). The training was held in the computer lab so 
all participants had a chance to work on developing a concept map 
using this software. The software program helped participants easily 
draw and modify their concept map as well as export it as a JPEG 
file (i.e., image file) to send to the researcher via e-mail. 

In this training, the researcher provided detailed information 
about a technical part of the software and shared examples of con-
cept maps on different topics. For example, the researcher showed 
how to draw circles for concepts, how to make connections among 
circles using arrows, and how to put linking words on the arrows. 
The researcher also developed two concept maps using examples 
(i.e., tree, dogs) with the participants for them to have a sense of 
what the concept map looks like. The participants shared meaning-
ful concepts about the examples, and the researcher drew the con-
cept maps using the software so all participants could see the con-
cept maps on the screen and be involved in this practice together. 
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The researcher encouraged the participants to think about concepts 
by answering focus questions. One of the focus questions was, what 
are dogs? The researcher had the participants answer this question 
using the concept map as if they were trying to explain a dog to the 
person who had never seen one. A different category of examples 
(i.e., concept links, cross-links, hierarchical links, and examples) 
was presented by the researcher. The participants had opportunities 
to ask questions about how to develop concept maps if they still did 
not understand clearly about what to do.

The researcher provided 30 key concepts and a focus question 
about assessment in PE before participants drew their own concept 
map. These 30 key concepts were derived from one of the assess-
ment textbooks, titled as Assessment-Driven Instruction in Second-
ary Physical Education: A Standards-Based Approach to Promoting 
and Documenting Learning (Lund & Veal, 2013). This textbook was 
chosen because the authors have more than 32 years of teaching 
experience in PE including public schools and conducted the re-
search and presented their works about assessment in PE (Lund & 
Veal, 2013). This textbook has a concept mapping exercise as a pre- 
and posttest as well. The focus question was, “how is assessment 
used by physical education teachers?” (Lund & Veal, 2013, p. ix). 
The lead researcher personally talked to one of the authors of this 
textbook and found out that they had added, deleted, and modified 
these key concepts over time and used the focus question and key 
concepts in developing the textbook. 

Based on the given key concepts (i.e., 1–30) and the focus ques-
tion, participants independently drew their own concept map using 
the online software. Participants in Group A (n = 30) drew one con-
cept map during the first week of the class as a pretest and drew 
another concept map during the last week (i.e., Week 15) of the class 
in the same semester as a posttest. Between pre- and posttest, Group 
A received instructions about assessment in PE for one semester by 
the researcher. In the middle of the same semester, participants in 
Group B (n = 26) drew their concept map once without any instruc-
tion about assessment in PE. An example of a student concept map 
using all 30 key concepts is illustrated in Figure 1.
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Figure 1. A
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Scoring Methods

Two trained raters scored concept maps using a structural scor-
ing method (Novak & Gowin, 1984) and a relational scoring method 
(McClure & Bell, 1990; McClure et al., 1999). Both raters are cur-
rently working in a PETE program at different universities and are 
knowledgeable about assessment in PE. As part of their training, 
they discussed the topic to make sure that they had a consensus in 
understanding the 30 key concepts. They also practiced together 
scoring using several examples of concept maps to be familiar with 
the scoring methods (i.e., structural and relational). They shared 
possible and valid concept links, cross-links, and hierarchical links. 
After the training, each rater scored 30% of the data independently 
using a structural scoring method (Novak & Gowin, 1984) and a 
relational scoring method (McClure & Bell, 1990; McClure et al., 
1999). This 30% of the data was used to analyze interrater reliability 
for two scoring methods in concept maps. 

Structural method. The structural scoring method is widely 
used in concept map assessment (Novak & Gowin, 1984) and is 
shown in Figure 2. The structural scoring method is used to score 
concept maps in four categories: concept links (1 point each), hier-
archy (5 points each), cross-links (10 points each), and examples (1 
point each). Any invalid links were given 0 points. Concept links in-
dicate that participants link two concepts together using a line with 
a statement of the relationship. If a concept link was valid, one point 
was given. Hierarchy indicates that participants arrange one gen-
eral concept at the top and one specific concept below and make a 
statement of the relationship. If a hierarchy was valid, it was given 
5 points. Cross-links indicate that participants make connections be-
tween the concepts from different hierarchies and make a statement 
of the relationship. One cross-link was given 10 points if it was valid 
and significant. Examples indicate that participants can provide spe-
cific examples about the concepts. Each example was given 1 point 
if valid. Based on the structural scoring method, a total score and 
subscores for each category (i.e., concept links, cross-links, hierar-
chy, and examples) were recorded for each concept map.

Relational method.  The relational scoring method was initially 
introduced by McClure and Bell (1990) and modified by McClure 
et al. (1999) from science education. According to McClure et al., 
the relational scoring method is used to score a concept map on a 
4-point scale (i.e., 0 to 3 points). If the relationship between con-
cepts was invalid, no point was given. If the relationship between 
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concepts was valid but the statement (i.e., linking word or phrase) 
was incorrect, only 1 point was given. If the relationship between 
concepts was valid and the statement was correct, 2 points were 
given. If the relationship between concepts was valid and the di-
rection of the arrow indicated a hierarchical, causal, or sequential 
relationship with a compatible statement, the highest points (i.e., 3 
points) were given. Based on the relational scoring method, a total 
score and subscores for each point (i.e., 0 to 3 points) were recorded 
for each concept map. 

Figure 2. Model of structural scoring method.

Scoring for this model:
Relationships (if valid) 	 1 × 8 	 = 8
Hierarchy (if valid) 	 2 × 5 	 = 10
Cross-links (if valid and significant) 	1 × 10 	= 10
Examples (if valid) 	 2 × 1 	 = 2
Total score 		  = 30

cross-link



	 Lee, Jang, Kang          215

Data Analysis

Statistical analyses were computed using the SPSS version 19.0 
software package (SPSS, Inc., Chicago, IL, USA). To examine in-
terrater reliability, intraclass correlation coefficient (ICC) was cal-
culated using 30% of data. The known-group difference validity 
evidence of the concept map assessment was evaluated by compar-
ing the total scores and subscores of the concept maps between two 
groups (i.e., Group A vs. Group B) using independent t tests. The 
responsiveness of the concept map assessment was computed by 
comparing the total scores and subscores of pre- and posttests from 
Group A using paired t tests. Cohen’s d was calculated to determine 
the effect size. The diagram of the data analysis is shown in Figure 
3. 

Figure 3. Diagram of data analysis.

Group A

Group B

Pre-concept map Post-concept map

One concept map

Responsiveness to change in students’ knowledge structure
(Paired t test)

Known-group difference validity 
(Independent t test)

Results
The validity and responsiveness of concept map assessment for 

both scoring methods were supported by the evidence of differences 
between Group A and Group B and between pre- and posttest for 
Group A in this study. Mean comparison of total scores and sub-
scores between Group A and Group B and before and after instruc-
tion of Group A for structural scoring method is shown in Tables 1 
and 2 and mean comparison for relational scoring method is shown 
in Tables 3 and 4.
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Table 1  
Mean Comparison of Total Scores and Subscores Between Group A 
and Group B for Structural Scoring Method

		  Group A	 Group B		  Effect size
	 Component	 M(SD) 	 M(SD)	 p	 (Cohen’s d) 

	Concept Links	 5.87 (4.15)	 3.23 (2.86)	 .009	 0.74
	Cross-Links	 0 (0)	 0 (0)	    -	    -
	Hierarchy	 0.17 (0.91)	 0 (0)	 .357	 0.26
	Examples	 0 (0)	 0 (0)	    -	    -
	Total	 6.03 (4.30)	 3.23 (2.86)	 .007	 0.77

Table 2
Mean Comparison of Total Scores and Subscores Before and After 
Instruction of Group A for Structural Scoring Method
		  Pretest	 Posttest		  Effect size 	
	 Component	 M(SD) 	 M(SD)	 p	 (Cohen’s d)

	Concept Links	 5.87 (4.15)	 14.87 (5.49)	 .001	 1.85
	Cross-Links	 0 (0)	 0.6 (2.30)	 .163	 0.37
	Hierarchy	 0.17 (0.91)	 2.83 (3.87)	 .001	 0.95
	Examples	 0 (0)	 0 (0)	    -	    -
	Total	 6.03 (4.30)	 18.30 (8.01)	 .001	 1.91

 
Table 3  
Mean Comparison of Total Scores and Subscores Between Group A 
and Group B for Relational Scoring Method

		  Group A	 Group B		  Effect size
	 Scores	 M(SD) 	 M(SD)	 p	 (Cohen’s d) 

1 Point	 7.1 (5.09)	 4.77 (2.72)	 .035	 0.57
2 Points	 12.7 (9.3)	 5.31 (4.96)	 .001	 0.99
3 Points	 0.90 (2.25)	 0.92 (2.21)	 .969	 0.00
Total	 20.77 (8.53)	 11 (6.78)	 .001	 1.27
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Structural Method 

Interrater reliability for scoring the concept maps between two 
raters using structural method was very high (ICC = .985). Total 
scores for students in Group A (M = 6.03, SD = 4.30) were signifi-
cantly higher than scores for students in Group B (M = 3.23, SD = 
2.86), t(54) = −2.83, p = .007, which supports the known-group dif-
ference validity evidence. Cohen’s d was .77, which indicates a me-
dium to large effect size. For subscores for each category, concept 
links (p = .009) scores of Group A (i.e., senior group) were signifi-
cantly different from scores for Group B (i.e., sophomore group). 

Total scores of concept map assessment in Group A significantly 
increased after instruction from the mean of 6.03 (SD = 4.30) to the 
mean of 18.30 (SD = 8.01), t(29) = −8.05, p < .001, which supports 
the responsiveness of concept map assessment scores. Cohen’s d 
was 1.91, which indicates a large effect size. The concept links (p = 
.001) and hierarchy (p = .001) subscores of concept maps increased 
significantly after instruction. 

Relational Method  

Interrater reliability for scoring the concept maps between two 
raters using relational method was very high (ICC = .946). Total 
scores for students in Group A (M = 20.77, SD = 8.53) were signifi-
cantly higher than for students in Group B (M = 11.00, SD = 6.78), 
t(54) = −4.69, p < .001, which supports the known-group difference 
validity evidence. Cohen’s d was 1.27, which indicates a large effect 
size. For subscores for each point, 1 point (p = .035) and 2 points 
(p = .001) subscores of Group A were significantly different from 
subscores of Group B. 

Table 4
Mean Comparison of Total Scores and Subscores Before and After 
Instruction of Group A for Relational Scoring Method

		  Pretest	 Posttest		  Effect size 		
	 Scores	 M(SD) 	 M(SD)	 p	 (Cohen’s d)

1 Point	 7.1 (5.09)	 7.17 (5.34)	 .959	 0.01
2 Points	 12.7 (9.3)	 27.97 (14.04)	 .001	 1.28
3 Points	 0.90 (2.25)	 3 (5.17)	 .034	 0.53
Total	 20.77 (8.53)	 38.13 (12.62)	 .001	 1.61
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Total scores of concept map assessment in Group A significantly 
increased after instructions from the mean of 20.77 (SD = 8.53) to 
the mean of 38.13 (SD = 12.62), t(29) = −.8.55, p < .001, which sup-
ports the responsiveness of concept map assessment scores. Cohen’s 
d was 1.61, which indicates a large effect size. Two points (p = .001) 
and 3 points (p = .034) subscores of concept map assessment signifi-
cantly increased after instruction. 

Discussion
The results of this study provide evidence of validity and re-

sponsiveness of concept map assessment. It reflects predictable dif-
ference between senior students and sophomore students and the 
change in the students’ knowledge structure before and after instruc-
tion in the PETE program. Because senior students took more major 
courses in the PETE program than sophomore students did, it was 
assumed that senior students had more knowledge about PE than 
sophomore students did. It is possible that senior students have more 
knowledge about assessment in PE than sophomore students do. It 
was also assumed that students’ understanding or knowledge struc-
ture would  change after instruction and thus higher concept map 
scores were expected after instruction than before instruction. 

In this study, two scoring methods were used and both scoring 
methods supported the validity evidence for concept map assess-
ment. These findings are different from West et al.’s (2002) find-
ings, who reported that the relational scoring method did not show 
the resident doctors’ knowledge changes before and after instruc-
tions and the knowledge differences based on their level of training. 
However, they demonstrated that the structural scoring method was 
a valid measure for concept map assessment. One possible explana-
tion is that validity is context specific. Different educational settings 
may affect this difference (i.e., college students in PETE versus pe-
diatric resident doctors in medical school). It is also possible that 
one scoring method may not be appropriate for a particular context. 
The small sample size (n = 21) of West et al.’s (2002) study could be 
another factor that influenced the results of their study. Therefore, 
the accumulation of validity evidence for concept map assessment 
is needed to further support the use of concept map assessment in 
PETE.

Based on the findings about the subscores of each category in 
structural method, there were no significant differences between 
Group A (i.e., senior student group) and Group B (i.e., sophomore 
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student group) in the category of cross-links and hierarchy. One 
possible reason is because a limited number of key concepts (n = 
30) were provided when the students developed their concept maps. 
With a limited number of key concepts, it may not be possible to 
make many cases for cross-links or hierarchy relationships. This re-
sult is the same as the findings of the relational scoring method in 
which no significant differences were observed in the scoring cat-
egory of 3-point relationship between Group A and Group B.

Concept map assessment can be administered with or without 
a list of key concepts. Thirty key concepts about assessment in PE 
were provided in this study before the teacher candidates drew their 
concept maps. McClure et al. (1999) provided a list of key concepts 
from an educational psychology program when they asked students 
to produce a concept map. The selected key concepts, however, may 
influence their knowledge structure either positively or negatively 
depending on their level of knowledge about a particular topic. In 
some studies, in different subject matters, concepts were not pro-
vided to students (West et al., 2002; West et al., 2000). In this case, 
students needed to recall all important concepts about a given topic 
and to integrate their knowledge using the concepts about which 
they already knew when they drew their concept maps. 

Limitations
The current study is not without limitations. Even though we 

provided a list of 30 key concepts selected by the experts, there may 
not have been enough key concepts about examples (i.e., one of 
scoring categories for structural scoring method), which limited the 
participants from making a case in their concept maps. We rarely 
found the category of examples and hierarchies from the concept 
maps in this study, which implies that the structural scoring method 
may not be appropriate if the list of key concepts were given. This 
could be the same for the relational scoring method. Due to a lim-
ited number of key concepts, not enough hierarchical, causal, or se-
quential relationships (i.e., 3-point relationships) were found in the 
relational scoring method. Because the scoring of the concept maps 
is intuitive, a high ICC was expected in both scoring methods (i.e., 
structural scoring method, ICC = .985; relational scoring method, 
ICC = .946). It may be better to use the total scores when the list of 
key concepts is provided. When the teacher wants to look at sub-
scores of each category or each point, it may be better not to provide 
key concepts or to provide many key concepts. 
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Another limitation of this study is that we only established the 
known-group difference validity evidence and the responsiveness 
of the concept map assessment scores in PETE programs. The time 
and effort that teacher candidates spent to develop concept maps 
may have been an issue. Because concept mapping activities were 
conducted by students themselves in different conditions, some of 
them may not have done their best to develop their concept maps. 
Students also may have developed their post-concept map while 
looking at their pre-concept map. In this case, students’ conceptual 
understanding could be compounded, even though the results of this 
study showed the changes of their knowledge structure. 

Implications and Future Directions
Concept map assessment can be used to provide information 

about what and how to improve the contents of current courses 
within PETE programs. In the current study, there is evidence of 
validity and responsiveness of the concept map assessment scores in 
PETE programs. Concept map assessment can be an effective tool 
to evaluate PETE programs, as it may be used to measure teacher 
candidates’ knowledge structure. It may be used as an ongoing self-
assessment tool to measure what teacher candidates know and can 
do. It also allows teacher educators to identify teacher candidates’ 
understandings and misunderstandings about a particular topic so 
they can modify or change their instruction. Furthermore, it helps 
teacher candidates become well-equipped and effective PE teachers.

PCK can be assessed using concept map assessment. Ayvazo 
and Ward (2011) demonstrated that PCK can be observed and mea-
sured using observation of student–teacher interactions and their ap-
propriateness, which they called functional analysis. Even though 
direct observation using functional analysis of instructional adapta-
tions may be used to measure teachers’ PCK accurately, it does take 
much time to assess and analyze teachers’ PCK, and it may not be an 
efficient way to measure their PCK. If more validation studies about 
concept map assessment are conducted in different contexts with 
different content, concept map assessment may be used as an alter-
native assessment tool to measure teacher candidates’ PCK using an 
operational definition of PCK in PETE programs. In addition, it will 
help teacher candidates learn more PCK in their PETE programs. 

Through concept map assessment, teacher candidates will obtain 
in-depth knowledge in PETE programs. Different objective tests are 
used in PETE programs including multiple-choice questions, true 
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and false questions, short essay questions, journals, projects, and 
portfolios (Lund & Kirk, 2002). If alternative assessments includ-
ing concept map assessment are used with these traditional tests, 
it would be better for teacher educators to help teacher candidates’ 
learning. It is critical that different assessments be used for teacher 
candidates’ learning, as well as their grade, in PETE programs. 

Based on the findings and limitations of the current study, the 
following future directions for research are offered. First, future 
research is needed to compare conditions based on the amount of 
key concepts given (e.g., 30, 50, 80). The scores in subcategories of 
scoring methods need to be compared under conditions with differ-
ent amounts of key concepts. In addition, future research would be 
to compare two conditions (i.e., providing key concepts versus not 
providing key concepts) and to examine how these conditions influ-
ence the effectiveness of concept map assessment in a particular 
content.

Second, future research is needed to establish different validity 
evidence for concept map assessment. For example, it may be pos-
sible to establish convergent validity in concept map assessment by 
comparing concept map assessment scores with standardized test 
scores in a particular content. Additional directions of future studies 
would be replication studies using different content, context, condi-
tions, and participants. For example, concept map assessment could 
be used in other major courses in a PETE program such as motor be-
havior, curriculum, and adapted PE courses. It could also be used in 
the same content with different contexts (e.g., lecture-based course 
vs. lecture and field experience course). 

Finally, future research could be conducted in a more controlled 
context to remove compounding factors. How much time partici-
pants spend and how much effort they put into developing concept 
maps may threaten the validity of concept map assessment scores. 
To remove these compounding factors, teacher educators could ask 
teacher candidates to develop their concept maps in a computer lab 
for a certain time so they spend the same amount of time developing 
their concept maps. This way, all teacher candidates experience the 
same environmental testing conditions. 
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