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Abstract

The aim of this research is to study what kind of relevance do novice lower sec-
ondary pupils experience when they use computer-based molecular modeling 
(CBMM) for the first time. CBMM offers many possibilities for chemistry educa-
tion. However, it has not been studied at the lower secondary level. This research 
was conducted via two research questions. RQ1: Which dimensions of relevance 
are emphasized in computer-based molecular modeling in the novice user expe-
rience of lower secondary education pupils? RQ2: How do different background 
variables (interest towards a) chemistry and b) computers) affect the relevance 
of computer-based molecular modeling? These research questions were an-
swered via a survey, where the total number of respondents was 130 lower sec-
ondary pupils. Using descriptive statistics for RQ1 and Fisher’s exact test for RQ2, 
we found that novice lower secondary pupils consider CBMM to be the most rel-
evant from the societal perspective, but individual and vocational dimensions 
were also present. CBMM was considered important for chemistry research and 
in the future its role will be even more essential because the use of computers will 
grow in near future. According to these findings, CBMM is a highly relevant tool 
for chemistry education at the lower secondary level.

Keywords

Chemistry education, interest, molecular modeling, relevance 
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Introduction

It is a widely known issue that students do not find science studies interesting 
(Cheung 2018; Hofstein, Eilks & Bybee 2011; Osborne & Dillon 2008; Osborne, 
Simon & Collins 2003; Sjøberg & Schreiner 2010). More precisely, for exam-
ple, in Finland 9th grade pupils’ attitudes towards chemistry and physics are 
quite negative even though they find science studies useful for their future. The 
perceptions of competence have been low, but largely depending on the course 
grade. In Finland, girls’ self-confidence and attitudes toward science have been 
reported to be a little lower than boys. (Kärnä, Hakonen & Kuusela 2012.) Alto-
gether, these matters have a negative impact on science subjects learning results, 
which have been decreasing steadily in Finland (OECD 2019). The situation 
is challenging because the lack of interest is marked during lower secondary 
education (Lavonen, Juuti, Uitto, Meisalo & Byman 2005), when young people 
make decisions about their future careers (Osborne & Dillon 2008).

Many scholars have suggested that the core reason for low interest is a lack of 
experienced relevance (Holbrook 2005; Sjøberg & Schreiner 2010; Stuckey, Hof-
stein, Mamlok-Naaman & Eilks 2013). As a result, adding relevance has been 
considered a solution to increase students’ interest and thus improve learning 
outcomes (Holbrook 2005; Newton 1988). However, increasing the relevance of 
chemistry education is not a simple and straightforward design task. The chal-
lenge is that there is no consensus about the definition of “relevant chemistry 
education”. Some authors use the terms “interest” and “relevance” as synonyms 
(Sjøberg & Schreiner 2010) and others discuss relevance on an abstract level 
without providing a clear definition for it (Childs 2006; Osborne et al. 2003). 
This is problematic because not everything that learners find interesting is rele-
vant and what is designed to be relevant might not be experienced as interesting 
(Stuckey et al. 2013).

In the research literature, there are multiple suggestions how to improve rele-
vance. Holbrook (2005) suggests that the focus of chemistry education should be 
changed from teaching chemistry content knowledge and hoping that students 
learn how to learn at the same time (chemistry through education) to learning 
how to learn in a chemistry context (education through chemistry). Holbrook 
emphasizes that chemistry education should promote scientific problem-solv-
ing and socio-scientific decision-making. To concretize his suggestions, Hol-
brook gives an example of how to add societal relevance when teaching about 

Pernaa ym.
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chlorine. Other authors similarly suggest that strengthening the societal aspects 
could improve relevance (Hofstein et al. 2011; Marks & Eilks 2009). Another 
model is to teach chemistry through contexts that learners find interesting. For 
example, Eilks, Marks and Stuckey (2018) have studied the possibilities of tattoo 
colors as the context for supporting relevance. They argued that tattoos have 
many aspects that young people may find interesting. Firstly, tattoos are very 
common so almost everyone has some experience or at least an opinion on 
them. Secondly, there are much variation in the quality of tattoo colors which 
may inspire discussions about the potential health hazards. As the conclusion, 
their work is an example how some topic can be used in promoting relevance in 
multiple levels. (Eilks et al. 2018; Stuckey & Eilks 2014.)

One step towards a more comprehensive definition of relevance was introduced 
by Stuckey et al. (2013). In the article they suggested that education is relevant 
when it causes positive consequences for the learner’s life. To understand the 
complexity and possibilities of relevance, they presented a multidimensional 
relevance framework that explores this notion from the learner’s perspective. 
According to their model, the experience of relevance may have individual, so-
cietal or vocational features focusing on the current state or on the future. The 
individual dimension represents a personal interest in chemistry, the vocational 
dimension addresses professional needs and ambitions, and the societal dimen-
sion describes individuals’ societal concerns (e.g., What is my role as a member 
of society?). The nature of experience may range from intrinsic to extrinsic (see 
Figure 1). In this research, we have chosen the Stuckey et al. model because it 
enables a diverse view of relevance, and its structure is well-justified based on a 
comprehensive literature analysis (Stuckey et al. 2013).

The relevance of computer-based molecular modeling and the effect of interest
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Figure 1. The redrawn multidimensional relevance model with examples from the 
present–future and the intrinsic–extrinsic ranges (Stuckey et al. 2013, 19).

As a chemistry education research (CER) topic, relevance research aims to an-
swer the question of what kind of contexts and methods used in education are 
experienced as relevant by the learner (Eilks & Hofstein 2015). This is important 
because individuals are the most important decision makers concerning their 
personal life. According to research, teaching and learning methods and learn-
ing contexts have an important role in promoting perceptions of competence 
and a positive attitude toward science (Kärnä et al. 2012; Lavonen et al. 2005). 
Relevant teaching methods promote situational interest, and positive percep-
tion leads to higher learning outcomes (Cheung 2018; Kärnä et al. 2012), and 
as mentioned earlier, one solution for supporting an interest in chemistry is 
increasing its relevance.

Pernaa ym.



37Ainedidaktiikka ajassa

We propose that it is possible to increase the experienced relevance through de-
veloping more relevant chemistry education (e.g., curricula, learning materials, 
teaching practices and learning methods). Through this research, we will con-
tribute to the CER relevance discussion by studying the relevance of comput-
er-based molecular modeling (CBMM) experienced by lower secondary pupils 
after their first CBMM experience. In order to study the pupils’ perceptions, 
we built a survey instrument and mapped out quantitatively which dimensions 
of relevance (Stuckey et al. 2013) are emphasized in the novice CBMM user 
experience.

We chose CBMM as the chemistry educational context because it is an essen-
tial tool in chemistry. It is widely used across chemistry research as well as in 
chemistry education (Rodríguez-Becerra et al. 2020). The possibilities and chal-
lenges of using CBMM in teaching and learning chemistry have been studied in 
the context of several chemistry concepts, e.g., equilibrium (Russell & Kozma 
2005), isomerism and functional groups (Dori & Barak 2001), infrared spec-
troscopy (Csizmar, Force & Warner 2012), molecular orbitals (Fleming, Hart & 
Savage 2000), symmetry (Ruiz & Johnstone 2020) and thermodynamics (Mar-
tini & Hartzell 2015). Earlier research indicates that CBMM has many possibil-
ities for chemistry education. It supports visualization of difficult concepts and 
represents an authentic chemistry research method that is felt to be interesting 
and motivating both by teachers and students (Abdinejad, Talaie, Qorbani & 
Dalili 2021; Aksela & Lundell 2008; Barnea 2000; Barnea & Dori 2000; Rodrí-
guez-Becerra et al. 2020), which indicates that CBMM is relevant from the in-
dividual and vocational perspectives (Stuckey et al. 2013). However, there is no 
earlier research focusing directly on the relevance of CBMM. In this research, 
CBMM is defined as a learning activity that includes molecular modeling and 
visualization activities like building molecules, analyzing different molecular 
representations and infrared vibration simulations, and simple molecular cal-
culations like energy minimization and single-point energy.

This research is important from two perspectives: 1) CBMM is a widely used 
teaching method in chemistry education, and teaching methods in general 
have a significant impact on relevance (Kärnä et al. 2012); 2) Several studies 
report the possibilities of molecular modeling through elementary level pupils’ 
(Fried, Tinio, Gubi & Gaffney 2019), high-school (upper-secondary) students’ 
(Barnea 2000; Dori & Kaberman 2012) and pre-service and in-service teachers’ 
perceptions (Aksela & Lundell 2008; Barnea 2000; Barnea & Dori 1996; Rodrí-

The relevance of computer-based molecular modeling and the effect of interest
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guez-Becerra et al. 2020). However, as mentioned earlier, there are no previous 
studies that focus directly on the relevance of CBMM. In addition, CBMM has 
not been studied among lower secondary level pupils, which is an important age 
when deciding about one’s future career (Osborne & Dillon 2008). Since the rel-
evance of molecular modeling has not been studied directly, there is no knowl-
edge whether molecular modeling as a learning activity increases the relevance 
of chemistry education. This research will provide insights about the relevance 
of CBMM experienced by lower secondary pupils. Obtained knowledge can be 
used in planning relevant student-oriented chemistry education.

Methods

Research questions

Based on the aim of the study and previous research, the following research 
questions were formulated to contribute to the discussion on relevance:

• RQ1: Which dimensions of relevance are emphasized in comput-
er-based molecular modeling in the novice user experience of lower 
secondary education pupils?

• RQ2: How do different background variables affect the relevance of 
computer-based molecular modeling?

o RQ2a: Does the pupil’s interest in chemistry affect the rele-
vance of computer-based molecular modeling?

o RQ2b: Does the pupil’s interest in computers and technology 
affect the relevance of computer-based molecular modeling?

Data gathering

The survey data (N = 130) was gathered in February and March 2018 using a quanti-
tative questionnaire (See Appendix 1). The data was gathered after CBMM sessions, 
which are described in detail at the end of this section. Participants had not previ-
ously done any CBMM, which is why we have categorized them as novice users.

The questionnaire consisted of background information (grade, gender, state-
ment 1: interest in chemistry, and statement 2: interest in computers), two open 
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questions and 23 structured multiple-choice questions. Statements 3–18 were 
designed to measure the relevance of CBMM and the presence of its various 
dimensions (see Appendix 1), and statements 19–23 feedback from the session. 
Statements 19–23 are not used in answering the research questions, but they 
are used in evaluating the reliability of the research setting. The aim was to con-
struct a survey instrument based on the Stuckey et al. (2013) relevance model 
that was suitable for the participant age group 14–16 (lower secondary grades 
7–9). Therefore, the instrument included easy-to-read statements, gathering 
data through simple “Yes” and “No” answer options that exclude each other. In 
addition, the option “I don’t know” was also included. 

Before the data gathering, the validity of the instrument was improved via a 
face validity. In the face validity assessment, two professionals read through the 
questions, answered the questionnaire, and gave feedback. The purpose of face 
validity assessment was to ensure that the statements were understood correct-
ly. Some adjustments were made to the questionnaire according to feedback. 
The internal validity of the questionnaire was analyzed through Cohen’s Kappa 
analysis (McHugh 2012). Two researchers (author 1 and author 2) classified the 
questionnaire statements in the Stuckey et al. (2013) relevance categories (see 
Table 1). The inter-rater agreement between researchers was 0.90, and there-
fore considered excellent. The common threshold for high agreement is 0.80 
(McHugh 2012).

Table 1. Inter-rater evaluation results and Cohen’s kappa calculation

  Researcher 2    

 Categories Personal Societal Vocational Sum Percentage

Researcher 1 Personal 7 0 1 8 0.50

Societal 0 4 0 4 0.25

Vocational 0 0 4 4 0.25

Sum 7 4 5 16 1

Percentage 0.44 0.25 0.31 1  

Kappa is calculated via the equation: k = (p0 – pe)/(1 – pe), where
p0 is a relative observed agreement among raters = 0.94
pe is a hypothetical probability of chance agreement = 0.36.

Cohen’s kappa value is

0.90.

The relevance of computer-based molecular modeling and the effect of interest
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As mentioned, a total of 130 lower secondary school pupils participated vol-
untarily in the study. 59 respondents were boys (45%), 54 girls (42%) and 17 
did not want to answer to gender background question (13%). Most of the data  
(n = 83; 64%) was gathered during a chemistry study visit to the University of 
Helsinki Science Education Centre. The molecular modeling activity was con-
ducted as part of the visit. The rest of the data (n = 47; 36%) were gathered from 
a school in Helsinki, where the CBMM session was included in their regular 
chemistry teaching. Before the data gathering in the school, a signed research 
permit was gathered from all participants’ guardians.

The CBMM sessions lasted about 60 minutes and they had a following structure: 
First, the science center instructors or teacher gave an overview of molecular 
modelling and how it can be used in chemistry research. Second, they intro-
duced how to use the selected software. After introductions, pupils started to 
do molecular modelling by themselves following tasks designed for specific age 
groups. The molecules modelled in CBMM sessions were decided by the stu-
dents’ own chemistry teacher to match the specific learning goals that the class-
es currently had in their chemistry learning. Therefore, molecules corresponded 
to students’ previous chemistry knowledge. However, new topics like bonding 
for 7th graders and infrared vibration spectrum for 8th and 9th graders were 
also introduced. Pupils worked with familiar organic molecules such as ethane, 
ethylene, and acetylene. Almost all groups built a water molecule using CBMM 
software. In addition, some groups modelled larger molecules such as caffeine. 
At the end of the sessions, pupils had an opportunity to play with the software, 
building their own imaginary molecules. In the sessions, 65 pupils (50%) used 
SpartanStudent software (Wavefunction, Inc. 2020) and 65 (50%) Molview web 
application (Bergwerf 2015).

The data was gathered at the end of each session after the modeling activities 
had been completed. We can assume most of the respondents understood what 
molecular modelling is and could answer the questionnaire because 83% of the 
respondents understood the class topic (statement 21) and 89% experienced the 
instructions clear (statement 19).

Pernaa ym.
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Data analysis

In answering RQ1 (relevance dimensions emphasized by novice lower second-
ary pupils), the data from relevance statements 3–18 were analyzed as frequen-
cies. To see how different relevance dimensions and ranges were emphasized in 
the data, statements 3–18 were divided into different relevance categories (see 
Table 2). The popularity of dimensions was analyzed by calculating an average 
percentage of “Yes” answers for each category. The dimensions that received the 
most “Yes” answers were interpreted as the most relevant for the pupils who 
participated in the study.

Values for Cronbach’s α ranged from 0.55 up to 0.91. In the literature, many 
authors require a minimum of 0.7 for an acceptable internal consistency. Also, 
a too high alpha value may indicate that questions are similar. Cronbach’s α is 
dependent upon the total number of statements used and the scale. In this re-
search the scale included three options, which may lead to a small variance and 
be the cause of a low 0.55 alpha value. However, this value must be kept in mind 
when the extrinsic range results are discussed, and they must be addressed on a 
statement level. The rest of the alpha values were acceptable or excellent, which 
indicates that the statements measured their designed relevance dimension 
quite reliably (Taber 2018).

In answering RQ2, the effect of interest towards chemistry (RQ2a) or computers 
(RQ2b), we implemented Fisher’s exact test to calculate statistical significances 
(Agresti 1992; Fisher 1922, 1970). Fisher’s test was chosen because it suits the 
used categorical response scale well, and it is more accurate for a small sample 
size than the chi-square test (Kim 2017). Note that the “I don’t know” answers 
were not included in the statistical analysis study because they did not represent 
either of the two response categories.

Results

Emphasis on Relevance Dimensions (RQ1)

Based on the popularity of the “Yes” answers, after the CBMM workshop lower sec-
ondary level pupils felt that CBMM was most relevant from the societal dimen-
sion (71%) in the extrinsic range (67.7%) in the present state (66.7%) (Table 2). The 

The relevance of computer-based molecular modeling and the effect of interest
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societal dimension was measured through four statements that measured whether 
the pupils felt that molecular modeling was relevant for scientific research (68.5%), 
computers were relevant for science in the future (86.9%), science was relevant for 
protecting nature (73.8%) and chemistry as a science was relevant for understand-
ing how the world works (54.6%).

Pupils experienced the extrinsic range as more relevant than the intrinsic range. 
This can be explained through the small number of statements (n = 5) in the ex-
trinsic range. The intrinsic range had many more statements (n = 11) and some 
statements, e.g., number 5 (“I would like to do more molecular modeling”) and 6 
(“I will need molecular modeling in the future”) received few “Yes” answers, which 
decreased the average. From the extrinsic perspective, CBMM and computers were 
experienced as relevant for chemists and science but not as a creative work method.

Pernaa ym.

Effect of Interest in Chemistry (RQ2A)

Most of the participants (94 out of 130) considered chemistry interesting, nine 
responded “No”, and 27 didn’t know. This indicates an elite sample from the 
chemistry interest point of view. In this section, we report Fisher’s exact test 
results compared to the responses to statement 1, “I think chemistry is inter-
esting”.

Analyzed from the individual dimension perspective, in total the respondents 
considered molecular modeling to be a nice (66%) and easy (69.2%) working 
method and they thought that molecular models looked cool (63.1%).

According to Fisher’s exact test, students’ answers to the statements 3, 7 and 
9, which measured different aspects of individual relevance, were statistically 
extremely significantly correlated (p ≤ 0.001***) with their interest in chemistry 
(statement 1). Correlations with statements 5 (p = 0.008**) and 10 (p = 0.006**) 
were very significant, and significant with statement 6 (p = 0.015*) (Table 3). 
This means that students who are interested in chemistry most likely like mo-
lecular modeling, experience the need for chemistry in the future, and feel that 
molecular modeling helped them understand chemistry better.
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Table 2. Overview of response frequencies and percentages per dimension

State-
ment

Frequencies  “yes” 
answers 

(%) 

Occurrence in different dimensions

yes no I don’t 
know

Indivi- 
dual

Soci- 
etal

Voca- 
tional

Int- 
rinsic

Ex- 
trinsic

Pres-
ent

Fu-
ture

3 78 20 32 60.0 x   x  x  

4 90 13 27 69.2 x x x

5 39 37 54 30.0 x x x

6 18 36 76 13.8 x x x

7 64 17 49 49.2 x x x

8 77 10 43 59.2 x x x

9 68 25 37 52.3 x x x

10 82 17 31 63.1 x x x

11 89 4 37 68.5 x x x

12 113 2 15 86.9 x x x

13 96 6 28 73.8 x x x

14 71 20 39 54.6 x x x

15 41 22 67 31.5 x x x

16 25 27 78 19.2 x x x

17 97 1 32 74.6 x x x

18 103 4 23 79.2   x x  x  

Average percentage (%) 48.2 71.0 52.7 49.7 67.7 66.7 40.7

Number of statements 7 4 5 11 5 9 7

Cronbach’s α 0.84 0.74 0.71 0.93 0.55 0.88 0.91

The relevance of computer-based molecular modeling and the effect of interest
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Table 3. The correlation between individual relevance and interest

Statement
1. I think chemistry 

is interesting. p
Yes No Total

3. I think molecular modeling was nice.
Yes 65 2 67

<0.001***No 8 7 15
Total 73 9 82

4. I think molecular modeling was easy.
Yes 69 6 75

0.052No 6 3 9
Total 75 9 84

5. I would like to do more molecular mod-
eling.

Yes 34 1 35
0.008**No 19 7 26

Total 53 8 61

6. I will need molecular modeling in the 
future.

Yes 15 0 15
0.015*No 16 9 25

Total 31 9 40

7. I will need chemistry expertise in the 
future.

Yes 55 0 55
<0.001***No 5 8 13

Total 60 8 68

9. Molecular modeling helped me under-
stand chemistry better.

Yes 55 2 57
<0.001***No 12 7 19

Total 67 9 76

10. I think the molecular models look cool.
Yes 64 2 66

0.006**No 9 4 13
Total 73 6 79

***: p ≤ 0.001 = extremely significant; **: p ≤ 0.01 = very significant; *: p ≤ 0.05 = significant. 
Confidence level: 95%

From the societal perspective, Fisher’s exact test indicated that there was a sta-
tistically significant association between statements 1 (interest in chemistry) 
and 14 (societal relevance) (p ≤ 0.001***). Correlation between statements 11 
and 1 was significant (p = 0.019*). This means that pupils who are interested in 

Pernaa ym.
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chemistry feel that they understand the world more when they know chemistry 
(Table 4).

Table 4. The correlation between societal relevance and interest in chemistry

Statement
1. I think chemistry 

is interesting. p
Yes No Total

11. Molecular modeling is important for 
scientific research.

Yes 71 3 74 0.019*

No 2 2 4

Total 73 5 78

12. In the future, more and more science will 
be done on computers.

Yes 81 9 90 1.000

No 1 0 1

Total 82 9 91

13. Science can help to protect nature and 
animals.

Yes 75 2 77 0.174

No 4 1 5

Total 79 3 82

14. I will understand more about the world 
when I know chemistry.

Yes 60 0 60 <0.001***

No 8 8 16

Total 68 8 76

***: p ≤ 0.001 = extremely significant; **: p ≤ 0.01 = very significant; *: p ≤ 0.05 = significant. 
Confidence level: 95%

The experienced vocational relevance correlated with interest in chemistry 
through future needs (Table 5). Pupils who were interested in chemistry also 
felt that they will need chemistry in their future studies (p ≤ 0.001***) and work 

The relevance of computer-based molecular modeling and the effect of interest
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life (p = 0.004**). Note that these statements were not CBMM specific, but they 
did consider the development of molecules as creative work (p = 0.011*).

Table 5. The correlation between vocational relevance and interest

Statement
1. I think chemistry 

is interesting. p
Yes No Total

8. I think the development of molecules is 
creative work.

Yes 61 3 64 0.011*

No 4 3 7

Total 65 6 71

15. I will need chemistry in my future studies.

Yes 36 0 36 <0.001***

No 10 6 16

Total 46 6 52

16. I will need chemistry in my future job.

Yes 24 0 24 0.004**

No 12 6 18

Total 36 6 42

17. Molecular modeling is an important tool 
for chemists.

Yes 70 6 76 1.000

No 1 0 1

Total 71 6 77

18. I understand why molecular modeling is 
used in chemistry.

Yes 79 5 84 0.195

No 2 1 3

Total 81 6 87

***: p ≤ 0.001 = extremely significant; **: p ≤ 0.01 = very significant; *: p ≤ 0.05 = significant. 
Confidence level: 95%

Interest in Computers and Technology (RQ2B) 

Computers and technology were found interesting by less than half of the re-
spondents (n = 60), 37 did not find them interesting, and 33 couldn’t say. Ac-
cording to Fisher’s exact test, interest in computers and technology had only a 
little correlation with the experienced relevance. Statement number 6 “I will 
need molecular modeling in the future” representing the individual dimension 
correlated statistically significantly with interest in computers and technology 

Pernaa ym.
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(p = 0.003*). In addition, students interested in information technology also felt 
that they would need for chemistry in their future studies (p = 0.034*), which is 
a vocational level relevance observation (Stuckey et al. 2013).

Discussion

According to this study, lower secondary level pupils experience CBMM as a 
highly relevant learning method after first engagement. The societal dimen-
sion was experienced as most relevant in the extrinsic range in the present state 
(RQ1). Pupils understand the importance of science, chemistry, and molecular 
modeling at the societal level. They also realized that chemists need molecular 
modeling but found it difficult to estimate their own needs for chemistry or 
molecular modeling. This finding connects the technological-assisted societal 
aspect to relevance studies in CER. For example, learning chemistry through 
CBMM was experienced as interesting and useful both by students (Barnea 
2000; Rodríguez-Becerra et al. 2020) and teachers (Aksela & Lundell 2008), and 
students have felt that learning to use computers is an important skill (Barnea 
2000). It is clear computers and molecular modeling are essential for chemistry 
research. In addition, computer skills make it possible to contribute in modern 
chemistry fields like, e.g., cheminformatics (Bergwerf 2015; Hanson, Prilusky, 
Renjian, Nakane & Sussman 2013).

In addition to societal relevance, CBMM was also felt to be relevant at the indi-
vidual level. In this study respondents found that molecular modeling was nice 
and easy. Also, the models looked cool. This result has a strong intrinsic indi-
vidual aspect related to personal interest toward chemistry. Also based on the 
Fisher’s exact test, interest in chemistry has a strong statistically significant de-
pendence on the experienced relevance of CBMM, especially to individual and 
intrinsic dimensions of relevance (RQ2a). The other analyzed variable, interest 
towards computers and technology, did not indicate a statistically significant 
dependence on the relevance of molecular modeling (RQ2b). Our findings are 
similar to the previous research, that has shown CBMM is experienced as an 
interesting work method by students (Rodríguez-Becerra et al. 2020). This indi-
cates CBMM may indeed offer solutions to counter the general lack of interest 
that chemistry education has (Cheung 2018; Hofstein et al. 2011; Osborne & 
Dillon 2008; Osborne et al. 2003; Sjøberg & Schreiner 2010).

The relevance of computer-based molecular modeling and the effect of interest
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Factors affecting the results may include, for example, an active and skilled 
chemistry teacher or a curriculum that emphasizes science. Most respondents 
in this study like chemistry as a subject, which indicates an elite sample. Previ-
ous research in Finland shows that there are statistically significant differenc-
es between schools in their attitudes towards studying chemistry (Kärnä et al. 
2012). Because the students participating in the research came from different 
schools, they do not have a consistent content or conceptual knowledge of 
chemistry. Therefore, we cannot be certain whether the students understood 
the statements in the questionnaire in the same way. For example, vocational 
relevance-oriented statements assumed that students knew which professions 
needed chemistry.

One factor that affects societal findings may be the location. This research was 
carried out at the University of Helsinki or by a research assistant representing 
the University of Helsinki. Therefore, the societal level of students’ relevance 
may have been highlighted because they were aware that the research was part 
of a scientific research. There is some evidence that increasing the school-busi-
ness collaboration can increase student relevance and therefore it may be possi-
ble that collaboration between schools and universities also has an impact-en-
hancing effect (Hofstein & Kesner 2006).

According to our results, respondents’ focus was much more on the present 
time than in the future. This is an indicator of the lack of relevance challenge 
that chemistry education as a field has. For example, people working in the field 
know that chemistry offers many great career and study opportunities, but pu-
pils do not know this unless they are told. It would be extremely important to 
educate young people about the opportunities of the field because lower sec-
ondary school is the time when future decisions are made (Osborne & Dillon 
2008), but during that time interest in chemistry is low (Lavonen et al. 2005). 
This research shows that CBMM is a highly relevant chemistry education tool 
at the lower secondary level, and it that can be used in designing learning envi-
ronments that address many relevance dimensions. We recommend including 
CBMM in chemistry teacher education programs, in-service training events 
and textbooks, because this method was experienced relevant by young people 
and could inspire to chemistry studies.

These results can be considered very reliable for this 130 respondents’ sample, 
but one should be careful when generalizing them to the entire population. 
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There are about 180 000 lower secondary pupils and a sample of 130 gathered 
mostly from the capital region and Uusimaa doesn’t represent the whole popu-
lation well.

For the future direction of research, we suggest that it would be important for 
the CER field to continue actively developing new CBMM-related technolog-
ical solutions and learning materials for various chemistry concepts through 
relevant contexts (Eilks et al. 2018). The approach in developing new materials 
should be research-based and collaborative (Aksela 2019; Dori 1995) in order to 
ensure that as many relevance levels as possible are covered.
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Appendix 1. A translated questionnaire

Survey on molecular modeling

I am… I am…

o in the 7th grade o female

o in the 8th grade o male

o in the 9th grade o I don’t want to answer.

My favorite subject at school is:

My dream job is:

Cross what you think is the best answer 

1. I think chemistry is interesting. Yes No I don’t know

2. I am interested in computers and technology. Yes No I don’t know

3. I think molecular modeling was nice. Yes No I don’t know

4. I think molecular modeling was easy. Yes No I don’t know

5. I would like to do more molecular modeling. Yes No I don’t know

6. I will need molecular modeling in the future. Yes No I don’t know

7. I will need chemistry expertise in the future. Yes No I don’t know

8. I think the development of molecules is creative work. Yes No I don’t know

9. Molecular modeling helped me understand chemistry better. Yes No I don’t know

10. I think the molecular models look cool. Yes No I don’t know

11. Molecular modeling is important for scientific research. Yes No I don’t know

12. In the future, more and more science will be done on computers. Yes No I don’t know

13. Science can help to protect nature and animals. Yes No I don’t know

14. I will understand more about the world when I know chemistry. Yes No I don’t know

15. I will need chemistry in my future studies. Yes No I don’t know

16. I will need chemistry in my future job. Yes No I don’t know

17. Molecular modeling is an important tool for chemists. Yes No I don’t know

18. I understand why molecular modeling is used in chemistry. Yes No I don’t know

19. The instructions for molecular modeling were good. Yes No I don’t know

20. I understand why molecular modeling is needed. Yes No I don’t know

21. I understand what the class was about. Yes No I don’t know

22. Molecular modeling was already familiar to me. Yes No I don’t know

23. I learned something new today. Yes No I don’t know

Thank you for your answers.
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