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Abstract 
As part of health promotion, the aim of health education is to teach students 
health knowledge as a basis for more health-conscious behavior. It can enable 
them to make educated decisions on how to prevent dangers to their health. 
Given the fact that skin cancer rate rises, we chose sun protection as our top-
ic. Since it is already known that measures that work with deterrent examples 
have a moralizing effect and are less effective, a creative method could be a 
promising alternative. Implementing humor into learning material might be an 
effective approach. That is why we developed learning material for health edu-
cation with a specific type of humor called “subject-specific humor (SSH)” in 
this study. Cartoons with SSH were combined with complementary text to form 
new self-learning material which was used to teach students aged 9 to 13. The 
aim of the study was to find out more about the possibility of teaching health 
education by using SSH in elementary and secondary school. An intervention 
study in control group design was carried out using a pre-post-follow-up test 
design. In two groups, the students were taught with the newly developed 
self-learning material with or without SSH. Central point of the evaluation was 
the change of performance regarding the three variables content knowledge, 
interest and health behavior. In this article, we focus on the learning gain since 
health knowledge is the basis for health-conscious behavior. All tested stu-
dents achieved significant learning gains. Unexpectedly, there was no signifi-
cant difference between the intervention group and the control group. 
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1. Introduction 

This project aims to teach students health knowledge in sun protection, elicit 
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and increase students’ interest in sun protection, and, more specifically, influ-
ence their health behavior. 

It is known that risky behavior belongs to the development of life history in 
childhood and adolescence, for example to experience one’s own limits or to ex-
press the affiliation with a peer group (Lohaus, 1993; Petersen, 2016).  

Primary preventive programmes start here and try to change health behavior 
positively even before damage to health has occurred. These programmes can be 
divided into three classes according to the target group: 1) mass media pro-
grammes, 2) community-oriented programmes and 3) school programmes. The 
mass media programmes, such as the “Slip! Slap! Slop! Slip on a shirt, slop on 
sunscreen and slap on a hat” (Cancer Council Victoria, 2018), which was distri-
buted in Australia in the 1980s and has since been expanded to include “seek 
shade and slide on sunglasses”, offer the advantage that a large population group 
can be reached. A variety of approaches, such as leaflets, TV/video or radio 
spots, shirts, stickers, comic books or flyers, are used to raise awareness of the 
dangers, to impart health knowledge and to encourage as many people as possi-
ble to adopt appropriate protective behavior. In addition, there are the commu-
nity-oriented programmes. These usually take place in the direct risk area of the 
living environment. Sun protection programmes, for example, take place on the 
beach or in the open air. The third class is school health promotion programmes. 
Health promotion at school offers the great advantage that very young people 
can be taught about health-promoting behavior long before long-term damage 
to health occurs (Eid & Schwenkmezger, 1997; Petersen, 2016). 

As a part of health promotion, health education in school is a cross-curricular 
task and can be anchored in science education in elementary and secondary 
school. It covers many different topics, such as nutrition, drugs, or sun protec-
tion. Most school health programmes in Germany deal with nutrition and phys-
ical activity (Hintze, 2016; Kaiser & Albers, 2015), less with sun protection. Al-
though between 2 and 3 million non-melanoma skin cancers and 132,000 mela-
noma skin cancers occur globally each year (World Health Organization, 2019). 

However, the biggest challenge in health education is to influence health beha-
vior. This raises the legitimate question of how this can be sustainably positively 
changed. The basis of health behavior is knowledge of contents from the field of 
health, i.e. knowledge about what is beneficial to health. It is already known that 
measures that work exclusively with deterrents are less effective (Eid & Schwenk-
mezger, 1997). Instead, a creative approach to fostering students’ health literacy 
may be innovative and beneficial (Kaiser & Albers, 2015). It was also shown that 
programmes lasting several hours are effective (Eid & Schwenkmezger, 1997). In 
view of the fact that incorrect health behavior during early childhood can have 
severe consequences and forms behavioral routines, it is inevitable to start health 
education as early as possible and to continue it steadily. 

2. Theoretical Framework 

The study is based on two theoretical components: health education, using the 
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example of sun protection, and humor studies. 

2.1. Health Education—Sun Protection 

High-risk health behavior is an increasing problem in our society. Especially in 
childhood and adolescence, such behavior is often observed (Lohaus, 1993; Ro-
bert Koch-Institut, 2018; World Health Organization, 2017). Since we know that 
the basis for behavior in adulthood and behavioral routines are developing in 
early childhood, it is necessary to start health promotion as early as possible, for 
example in elementary school (Lohaus, 1993). It is important to attend health 
education and continue it steadily. 

The institution school offers the opportunity to reach many young people. In 
school, health education as part of health promotion can be taught target-group 
specific. That means that teachers have the possibility to use specific and moti-
vating methods to foster students’ health literacy and to encourage them to 
adopt health conscious behavior (Eid & Schwenkmezger, 1997).  

Giest (2016) developed a plan for health education in (elementary) school 
which is well suited for use in this study due to its ease of implementation and 
verifiability. The basis of that plan for health-conscious behaviour is to teach 
students health knowledge. 

Creative concepts may be a useful and innovative option for this (Kaiser & 
Albers, 2015). 

2.2. Humor in School 

One promising creative method is to implement humor into learning materials. 
Students and teachers attach great importance to humor in the classroom (Dick-
häuser, 2015). The use of humor in the classroom is associated with a variety of 
positive consequences: humor can reduce stress and anxiety, evoke positive feel-
ings, increase attention, motivation, and interest as well as positively influence 
the learning performance (Markiewicz, 1972, 1974; Powell & Andresen, 1985). 

For this purpose, a special kind of humor called subject-specific humor (SSH) 
was developed to integrate humor plan ably into the classroom (Dickhäuser, 
2015; Petersen, 2016). Subject-specific humor rests on two theories on humor, 
pedagogical humor (Kassner, 2002) and incongruity humor (Koestler, 1964). 
SSH emphasizes the cognitive component of humor and consists of two refer-
ence systems linked incongruently: 1) a content of the curriculum 2) a common 
situation which is related to the content of RS I (Figure 1). It serves as the basis 
for cartoons from the fields of health or science. 

These cartoons can be used in many different ways for teaching. For example, 
they can be used at the beginning of a lesson to arouse interest in a topic or to 
create a cognitive conflict. They can also be inserted at the end of a lesson to re-
flect on a topic. 

Another possibility is to combine the cartoons with accompanying texts. In 
this way, seven different cartoons for several aspects of sun-protection (e.g. Fig-
ure 2) were combined with texts to create self-learning material. 
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Figure 1. Concept of subject-specific humor. 

 

 
Figure 2. Cartoon with subject-specific humor. 

3. Design and Methods 

For our study, we used these picture-text self-learning materials for the topic sun 
protection. Central for the review was the development of learning gain. The 
study focused on answering the following research question: 

RQ: Does self-learning material with or without subject-specific humor con-
cerning the topic sun protection for fourth and sixth grade differ in effective-
ness? 

In a first step, self-learning material and test instruments were developed on 
the basis of Petersen (2016). Subsequently, with the help of experts in elementary 
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school teaching (N = 2), it was decided which of the seven newly created mate-
rials were suitable for use in fourth grade and which, in addition to these, could 
be used in sixth grade. Afterwards, the material was optimized for use in grade 
four in terms of content, wording, and form together with the experts.  

A pilot study was conducted to check the material and the test instruments. It 
consisted of a quantitative and a qualitative part. In the quantitative pilot study, 
the material and test instruments were tested in two fourth and two sixth grades 
(N = 72, Ø Age 10.4, ♀ 48.6 %). It can be assumed that children at the age of 10 are 
capable of resolving incongruities so we chose test persons who were on average 
about ten years old. It was reviewed whether the material and the test instruments 
were suitable for the intervention in the two grades. The study design intended 
for the main study, an intervention study in a pre-post-follow-up-test-design, 
was also tested here. Additional attention was paid to whether the supplementa-
ry self-learning materials were suitable for the sixth grade and whether, despite 
the additional materials, the test time can remain unchanged An additional qua-
litative pilot study was carried out in a sixth grade of a Montessori secondary 
school. This served to optimize the content and form of the self-learning materi-
al, taking into account the students’ perspective. The students, who are taught ac-
cording to Montessori pedagogy, are trained in the use of self-learning material. It 
can therefore be assumed that they can be regarded as experts in the processing of 
self-learning materials and can provide information on the suitability of the ma-
terial from the students’ point of view. The results of both pilot studies allowed 
further optimization of the self-learning material as well as the test instruments 
for the main study.  

In the main study (N = 258, Ø Age 10.9, ♀ 46.9%), the optimized self-learning 
material and test instruments were used in grades four and six. The self-learning 
material was administered in two different versions; one which included sub-
ject-specific humor and a second version that did not include humor. With this 
study, we answered the RQ by focusing on the differences between the experi-
mental group and the control group. To answer the research question, ANOVAs 
were calculated with measurement repetition. 

3.1. Description of the Sample 

Since it is likely from the point of view of humor research (Wicki, 2000) that 
children at the age of 10 are capable of resolving incongruities, the choice of the 
test persons fell on students at this age. In total, data were collected from 352 
students from seven fourth grades of elementary school and seven sixth grades 
of secondary school in North Rhine-Westphalia. Due to the four test times 
(Table A1 in Appendix), there was a relatively high sample mortality rate. After 
the adjustment of the data set, 258 complete data sets remain, which are in-
cluded in the following analyses.  

Of these 258 students, 110 attended grade four and 148 grade six. 46.9% of 
this sample are female students, the other 53.1% are male. 70.5% of the surveyed 
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students stated that German was their mother tongue, 18.6% spoke German for 
more than six years. Only 10.9% of the students spoke German for less than six 
years. 

The experimental/control group design tested in the quantitative pilot study 
was retained. The students were randomly assigned to the experimental group or 
control group. In order to avoid the formation of a mixed group, who receive the 
experimental material in the first intervention and the control material in the 
latter intervention, the students were assigned to the experimental or control 
group either via the seating order or the class list.  

The study included four points of measurement. The dependent variables of 
content knowledge, interest, and attitude towards health behavior were col-
lected. In addition, some demographic data and a test on verbal skills (KFT V3) 
were administered as control variables at the time of the pre-test (Table A1 in 
Appendix). 

Following each self-learning material, the appropriate test instrument for the 
sense of humor and humor appreciation was used for control. The pretest took 
place one week before the first intervention. The second intervention followed a 
week after the first. Post-tests were carried out directly at the end of both inter-
ventions. Since the distance between post-testing and follow-up testing was shown 
to be sufficient in the pilot study, follow-up testing was again conducted four to 
six weeks after the second intervention.  

3.2. Test Instrument 

The content knowledge test consists of a total of 23 items for both grades (four 
and six) and seven further items for grade six (Table 1). 19 of the 23 items cor-
responded to the test instrument of the pilot study, 15 were the same in all tests 
and are therefore the anchor items. Four items were used in one part of the sam-
ple at the pre- and post-test time in the old version. In another part of the sam-
ple, the optimized items marked N (new) were used. At the follow-up test time, 
the entire sample could be tested with the new items. 
 
Table 1. Assignment of the items of the content knowledge test to the individual self-learning 
materials.  

Category SLM Subject Grade Items 

Ozone layer and 
UV index 

1 Ozone layer 4 and 6 7 items 

2 UV index and ozone hole 4 and 6 5 items 

Consequences and 
damage caused by solar 

radiation 

3 
Self-protection time of the skin  

and sunburn as a short-term consequence 
4 and 6 4 items 

4 Different UV rays and their effect on humans 6 4 items 

Sunscreen composition 5 Difference between skin cream and sun cream 4 and 6 4 items 

 
6 Waterproof and non-waterproof sun cream 4 and 6 3 items 

7 Emulsion and emulsifier 6 3 items 

SLM = self-learning material. 
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In order to be able to include all items in the analysis, the evaluation was car-
ried out based on the Rasch-model (Adams & Wu, 2010). The Rasch-model 
made it possible to depict all the values collected for content knowledge on a 
scale and to use these values to calculate a personal ability for each test person. 
In order to estimate the item difficulty of each item, the values of all three test 
points were included in the calculation of a common model. This makes it poss-
ible from a statistical point of view to compare the three measurement points 
with each other. Additionally, it is still possible to make a statement about the 
suitability of the two self-learning materials four and seven as additional materi-
al for sixth grade. 

All items of the content knowledge test are multiple-choice items in sin-
gle-select format. There is one attractor and two distractors each to keep the 
reading load low, especially for students in grade four. If one of the two distrac-
tors is ticked, the item is scored 0.  

The content knowledge test was used at all measurement points. All items were 
assigned randomly ordered in a test booklet and tested at each time. During the 
pretest, the previous knowledge on sun protection was collected by means of the 
content knowledge test. In the posttest which was divided into two parts due to 
the two interventions, the newly acquired knowledge was assessed. Following the 
intervention, the items of content knowledge test matching the self-learning mate-
rials were requested. The follow-up test was intended to determine how much of 
the knowledge acquired through the interventions was still available after a few 
weeks. 

Data from the Rasch-model (Table A2 in Appendix) was used to determine if 
the test quality criteria were met. The items used to calculate the persons’ abili-
ties have an accepted Infit MNSQ below the value of 1.28 (Linacre & Wright, 
1993) and a discrimination above 0.250 (Adams & Wu, 2002). They thus meet 
the specified values and are suitable for estimating the persons’ abilities. An ex-
ception is item CK7. Despite the poor value of item discrimination (0.1038), this 
was included in the analysis because it queries important contents that are not 
covered by any other item. The item reliability of 0.98 is in a very good value and 
the person reliability of 0.64 is in an acceptable value. A better person reliability 
would be desirable. However, it was not possible to achieve this by excluding 
items or by forming three separate scales by subcategory (Table 1). It can be as-
sumed that the reliability can be increased by the construction of additional 
items or one additional distractor per item. 

Analyzing the distribution of the content knowledge items using the Wright-map 
(Figure A1 in Appendix), it can be seen that the items are evenly spread along 
the variable. Theoretically, the logit values can be distributed infinitely from 
minus to plus, but they usually range between −3 and 3 (Linacre & Wright, 
1993). There are a sufficient number of easy items of content knowledge below 0 
on the logit scale and also sufficiently difficult items above 0 on the logit scale. 

The additional items for sixth grade (items CK20 to CK26) are all on or above 
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0 on the logit scale as expected with the exception of item CK20. These items are 
therefore more difficult items, which confirm the decision of being able to use 
these items as supplements for the older students. 

4. Results 

The focus of the reported results will be on the development of content know-
ledge. First, the development of expertise in the entire group will be considered. 
Afterwards, the development of expertise in the experimental group and the 
control group as well as the fourth and sixth grade will be examined and com-
pared. 

To distinguish the results, the values of the effect size are reported. These are 
differentiated as follows:  

Effect size of η2 (Bortz & Döring, 2002) are graded as follows:  
Small effect ≥ 0.01 
Medium effect ≥ 0.06  
Large effect ≥ 0.14. 

4.1. Examination of the Entire Group 

The first step was to analyze whether the material in general was suitable for in-
creasing the content knowledge. To this end, the development of content know-
ledge throughout the whole group was considered. Since the development of 
content knowledge is reported here over three measurement points (pre, post & 
follow-up) in a group, an analysis of variance (ANOVA) with repeated mea-
surement is suitable for evaluating the individual values (Braunecker, 2016). 

The measurement showed that there was a significant learning gain with a 
large effect over all three measurement points (N = 258, F(2;514) = 157.265, p < 
0.001, η2 = 0.380). 

The mean values and standard deviations illustrate that the students have only 
low knowledge in the field of sun protection (Table 2). 

It is possible to note that knowledge increases significantly (p < 0.001) after 
the intervention and is just above the mean. The students also forget significant-
ly (p < 0.001) from the post-test to the follow-up-test time. However, the exper-
tise at the follow-up-test time is still slightly above 0 on the logit scale and, in 
comparison to the pre-test time, highly significantly above the previous know-
ledge with a large effect. 

 
Table 2. Mean values and standard deviations of content knowledge of the total sample. 

Group M SD N 

Entire group 

CK_Pre −0.397 0.559 258 

CK_Post 0.470 0.893 258 

CK_Follow 0.003 0.787 258 

CK = content knowledge. 
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4.2. Comparison of the Grades 

The second step is to analyze the development of content knowledge over the 
three measurement points within a grade to find out if the age of the students 
has an influence on their learning with the material. Therefore, an ANOVA with 
repeated measurement was carried out. 

The development of content knowledge in grade four (n = 110, F(2;218) = 
27.411, p < 0.001, η2 = 0.418) proves a significant increase in learning gain with a 
large effect. The mean values and standard deviations show that the students in 
grade four had less knowledge of sun protection before the intervention (Table 
3). After the intervention, the content knowledge increases above logit 0 and 
then falls just below it at the follow-up test time. The comparison of the indi-
vidual measurement times illustrates that the students in grade four learned sig-
nificantly both from pre-test to post-test time (p < 0.001) and from pre-test to 
follow-up test time (p < 0.001). From the post-test time to the follow-up test 
time, there was a significant decline in content knowledge (p < 0.001).  

The measurement of grade six over all three measurement points (n = 148, 
F(2;294) = 21.999, p < 0.001, η2 = 0.352) also shows a significant increase in learn-
ing gain with a large effect. The mean values and standard deviations represent 
that previous knowledge on the subject of sun protection can also be classified as 
rather low among students of sixth grade. After the intervention, they have a solid 
knowledge of sun protection (Table 3). An examination of the development of 
content knowledge shows that the content knowledge increased significantly 
from the pre-test to the post-test (p < 0.001) and significantly from the pre-test 
to the follow-up test (p < 0.001). A significant decrease in content knowledge (p 
< 0.001) was observed from post-test to follow-up test time.  

A multivariate analysis of variance (MANOVA) was used to compare the re-
spective test times between the grades since it can also be used to look at the 
post-hoc tests at the individual measurement points. The comparison of the two 
grades with the individual test times shows that there is a significant difference 
with a small effect (V = 0.053, F(3.254) = 4.703, p = 0.003, η2 = 0.053). A closer look 
at the individual measurement points reveals that the students in grade four 
have significantly lower prior knowledge (pre-test time) with a small effect (η2 =  
 
Table 3. Mean values and standard deviations of 4th and 6th grade. 

Group M SD n 

4th grade CK_Pre −0.531 0.632 110 

 
CK_Post 0.467 0.907 110 

CK_Follow −0.053 0.822 110 

6th grade CK_Pre −0.297 0.476 148 

 
CK_Post 0.472 0.886 148 

CK_Follow 0.044 0.761 148 

CK = content knowledge. 
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0.043) than the students in grade six (p < 0.001). This difference cannot be 
measured again either at the post-test or at the follow-up test time, which means 
that the expertise of the students of both grades after the intervention is at a 
comparable level. 

4.3. Comparison of Intervention Group and Control Group 

Finally, it is interesting to see whether it makes a difference with which material 
the students learn, i.e., whether the experimental or control material has an ad-
vantage. For this purpose, the results of the experimental and control group are 
evaluated separately and also compared. 

As in chapter 6.2, the first step is to analyze the development of content 
knowledge over the three measurement points within a group by calculating an 
ANOVA. 

The measurement in the experimental group over all three measurement 
points (n = 141, F(1,928, 269,922) = 94.015, p = < 0.001, η2 = 0.402) shows a significant 
increase in learning gain with a large effect. 

The examination of the mean values and standard deviations shows a low lev-
el of prior knowledge and an increase in content knowledge to a basic knowledge 
after the intervention, which is still in the sufficient range even after a few weeks 
(Table 4). There was also a significant increase in learning from pre-test to 
post-test (p < 0.001) and from pre-test to follow-up test (p < 0.001). However, 
the comparison of post- and follow-up measurement indicates a significant de-
crease in expertise (p < 0.001). 

The evaluation of the content knowledge over all three measurement points in 
the control group (n = 117, F(2;232) = 64.006, p < 0.001, η2 = 0.356) also shows a sig-
nificant increase in learning gain with a large effect. The consideration of mean 
values and standard deviations also confirms a similar knowledge as in the expe-
rimental group (Table 4). The increase in learning gain from pre-test to post-test 
(p < 0.001) is significant. Here, the comparison of post-test to follow-up test time 
(p < 0.001) shows a significant decrease in content knowledge, too.  

There is no significant difference between the two groups as statistically con-
firmed by a MANOVA (V = 0.001, F(3.254), = 0.045, p = 0.987 η2 = 0.002). None of 
the three measurement points shows significant differences or effects, either. 

 
Table 4. Mean values and standard deviations of experimental group and control group. 

Group M SD n 

Experimental group CK_Pre −0.387 0.579 141 

 
CK_Post 0.484 0.898 141 

CK_Follow 0.010 0.700 141 

Control group CK_Pre −0.410 0.579 117 

 
CK_Post 0.452 0.892 117 

CK_Follow −0.006 0.885 117 

CK = content knowledge. 
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5. Conclusion 

The analyses show that the self-learning material is suitable for the retention of 
relevant content knowledge on sun protection. 

It makes no difference whether the students learned with the experimental 
material or with the control material as the comparison of the experimental 
group’s and the control group’s development in learning gain showed. With re-
gard to RQ, it must therefore be noted that no group differences can be meas-
ured. 

The comparison of the two grades underlines the assumptions made before 
the test. Only the students in grade six had some small prior knowledge, whereas 
those in grade four had significantly lower prior knowledge. This small prior 
knowledge underlines again how important it is for students to obtain health 
knowledge, especially on the topic of sun protection, remembering that health 
knowledge is the basis for health-conscious behavior. It is interesting to note that 
the content knowledge of the students of both grades no longer differed signifi-
cantly at the time of the post- and follow-up test. Students in grade four were 
thus able to reach the level of grade six and remain at this level. 

6. Discussion and Outlook 

In conclusion, it can be said that the developed material is suitable for teaching 
students of grades four and six knowledge in the field of sun protection. In this 
context it must be said that material with and without subject-specific humor is 
equally suitable for intervention and learning with material with subject-specific 
humor does not, as assumed, lead to a greater and, above all, more long-term 
increase in learning gain. As the results of the comparison of the grades showed, 
it would be desirable to develop further material for the older students to enable 
them to increase their knowledge. In addition, it should be noted that only ma-
terial for sun protection and not for other health education topics has been 
tested. 

Further studies should test supplementary material for younger or older stu-
dents. In addition, material on other health education topics, such as nutrition, 
can be developed and evaluated. It would also be interesting to ask students 
whether the material with subject-specific humor is more attractive to them and 
whether they would therefore rather learn with this material than with material 
without humor. First results of further studies are already giving first indications 
that students prefer to learn with humorous material rather than with the con-
trol material. 

One way of further enhancing the measured positive effect of self-learning 
materials for sun protection is to extend the intervention to further intervention 
points or to develop and test training in subject-specific humor. This training 
could explain the concept of subject-specific humor by using examples. It can 
make it easier for the students to understand the cartoons with subject-specific 
humor so that it can be assumed that disinterest or cognitive conflict are not 
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caused by a lack of understanding of the cartoons. A test instrument for under-
standing subject-specific humor should also be developed. This will test whether 
the students understand the subject-specific humor and whether the under-
standing of the cartoons has an influence on the learning success. 

Since the concept of subject-specific humor is a relatively new method for 
school education in Germany, there are very few research projects dealing with the 
concept, its effects and benefits. Research in this area should therefore be con-
tinued and expanded, as this work has already shown that subject-specific hu-
mor is suitable for intervention in health education in school and supplementary 
studies show that students would like to see more humor in school. 
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Appendix 
Table A1. Plan of the study. 

Pretest Intervention 1/Posttest Intervention 2/Posttest Follow-up-test 

45 minutes 45 minutes 45 minutes 15 minutes 

 

• self-learning materials 
1 - 3 (grade 4) 

or 
• self-learning materials 

1 - 4 (grade 6) 

• self-learning materials 
5 + 6 (grade 4) 

or 
• self-learning materials 

5 - 7 (grade 6) 

 

• content knowledge 
test (sun protection) 

• content knowledge 
test on the processed 
self-learning materials 

• content knowledge test 
on the processed 
self-learning materials 

• content knowledge 
test (sun protection) 

• interest in the topic 
sun protection 

 
• interest in the topic sun 

protection 
• interest in the topic 

sun protection 

• behavior towards the 
topic sun protection 

 
• behavior towards the 

topic sun protection 
• behavior towards the 

topic sun protection 

• demographic data 
• verbal skills 

 

 

• sense of humor and 
humor appreciation 
test on the processed 
self-learning materials 

• sense of humor and 
humor appreciation 
test on the processed 
self-learning materials 

 

 
Table A2. Characteristics to scale content knowledge. 

Item Measure In.MNSQ In.ZSTD Out.MNSQ Out.ZSTD Discrimination 

CK1 0.050 1.080 3.251 1.082 2.431 0.6527 

CK2 −0.100 0.988 −0.489 0.977 −0.679 1.0603 

CK3 0.060 0.933 −2.829 0.902 −3.069 1.316 

CK4 1.210 1.099 1.191 1.125 1.141 0.8148 

CK4_N 0.520 1.082 2.331 1.098 2.111 0.7461 

CK5 −0.020 0.914 −3.729 0.891 −3.369 1.3991 

CK6 0.520 1.173 5.561 1.241 5.861 0.4286 

CK7 0.340 1.234 8.111 1.314 8.181 0.1038 

CK8 −0.750 0.929 −1.089 0.859 −1.339 1.2049 

CK8_N −0.850 0.900 −2.849 0.847 −2.729 1.2881 

CK9 −0.070 0.938 −2.639 0.919 −2.469 1.2876 

CK10 −0.590 0.934 −1.119 0.907 −0.969 1.2087 

CK10_N −1.110 0.929 −1.669 0.887 −1.639 1.1538 

CK11 −0.270 0.983 −0.709 0.965 −0.959 1.0869 

CK12 0.650 1.079 2.411 1.101 2.361 0.7802 

CK13 −0.170 1.028 1.181 1.048 1.371 0.8576 

CK14 −1.370 0.895 −2.319 0.766 −3.369 1.1886 

CK15 0.420 0.960 −0.739 0.968 −0.469 1.1363 

CK15_N 1.200 1.030 0.571 1.097 1.311 0.9328 

CK16 0.020 0.992 −0.329 0.981 −0.569 1.0464 

CK17 −0.570 0.871 −4.949 0.812 −4.589 1.4725 
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Continued 

CK18 −0.770 0.968 −1.039 0.935 −1.319 1.1066 

CK19 −0.930 0.918 −2.439 0.886 −2.099 1.202 

CK20 −0.390 0.972 −0.879 0.940 −1.239 1.146 

CK21 0.090 0.969 −0.999 0.950 −1.279 1.1663 

CK22 1.310 1.106 1.691 1.141 1.711 0.8333 

CK23 0.510 1.001 0.041 1.001 0.031 0.9963 

CK24 1.000 1.101 1.931 1.157 2.331 0.7779 

CK25 0.030 1.014 0.481 1.020 0.521 0.9227 

CK26 0.030 0.980 −0.679 0.988 −0.299 1.095 

CK = content knowledge, N = new. 
 

 
Figure A1. Wright-Map of content knowledge scale. 
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