
Sabine Kunz 

VT 2016 

Examensarbete, 15 hp 

KPU/Examensarbete med ämnesdidaktisk inriktning, 15 hp 
 

 

Quality assessment and epistemic beliefs 

If you tell me what you believe in, can I tell you what you’ll get? 

Sabine Kunz 

 

 



Summary (English) 

Quality assessment is one of the most important processes a teacher conducts every day in his 
work life in order to relate student’s performance against a cultural and individual defined grading 
system. With the ambition to promote equality and reproducibility of assessment outcomes the 
Swedish school law provides descriptions of criteria to distinguish different degrees of quality (Selghed 
2011). However, those criteria sometimes appear equivocal and not suitable to distinguish between 
adjacent qualitative levels, especially at higher levels, which therefore can be perceived as partially 
overlapping. As a consequence, this leaves to much space for interpretation by the individual teacher 
when constructing the final assessment system (Schreiber et al. 2012; Selghed 2011). An alternative 
assessment method, recommended by e.g. Hattie (2012), is the less complex SOLO-taxonomy which 
nowadays is more frequently used in higher education environments. 

In order to assess the overlap of results derived from different assessment methods, this study 
estimated quality levels of written assignment of second year high school students using the curricular 
based grading system and the SOLO-taxonomy. By the means of Principle component analysis (PCA) 
and correlation analysis it could be concluded that the different assessment methods applied where all 
suitable to distinguish higher from lower complexity or quality levels at grade C. However, SOLO-
taxonomy could not clearly distinguish the more sophisticated differences between the higher grading 
levels A and B. 

Furthermore, this study investigated if a carefully executed constructivism-based teaching 
design inevitably resulted in high quality written assignments. This was analyzed by the means of PCA 
and correlation analysis of the relation between the epistemic beliefs of the students participating and 
assessment outcomes. Within this context it could be concluded that (I) a more sophisticated belief on 
the nature of knowledge and knowing and (II) the heterogeneity of a student group with respect to the 
epistemic belief seems to be linked to higher quality learning outcomes. Evidence for a correlation 
between the a priori epistemic belief and the adopted higher complexity learning approaches is 
discussed within the context of a general suitability of constructivist teaching approaches. 
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Sammanfattning (Svenska) 

 

Bedömning av kvaliteten är en av de viktigaste processerna som en lärare utför varje arbetsdag för att 
kunna relatera elevernas prestationer mot ett kulturellt och individuellt anpassat betygssystem. Med 
ambitionen att främja jämställdhet och reliabilitet av bedömningar tillhandahåller Skolverket 
bedömningskrav och kriterier för att skilja olika grader av kvalitet (Selghed 2011). Dessa kriterier 
förefaller emellertid ibland otydliga och inte lämpliga för att särskilja mellan kvalitativa nivåer, särskilt 
på högre nivåer, vilka därför kan uppfattas som delvis överlappande. Som följd finns det mycket 
utrymme för tolkning av den enskilda läraren när det slutliga bedömningssystemet konstrueras 
(Schreiber et al., 2012, Selghed 2011). En alternativ bedömningsmetod som är rekommenderad av t.ex. 
Hattie (2012), är den mindre komplexa SOLO-taxonomin vilken idag används i de högre utbildnings 
miljöer.  

För att uppskatta överlappningen mellan resultat som härrör från olika bedömningsmetoder 
analyserar denna studie kvalitetsnivåer av en skrivuppgift av andraårs-gymnasieelever med hjälp av 
det läroplanbaserade betygssystemet och SOLO-taxonomin. Med hjälp av principiell komponentanalys 
(PCA) och korrelationsanalys kunde man dra slutsatsen att de olika bedömningsmetoderna är 
lämpliga för att skilja högre från lägre komplexitet eller kvalitetsnivåer. Men SOLO-taxonomin kunde 
inte tydligt skilja de mer sofistikerade skillnaderna mellan högre betygsnivå A och B. 

Dessutom undersökte denna studie om en noggrant genomförd konstruktivistisk undervisningsdesign 
oundvikligen resulterar i högkvalitativa skriftliga arbeten. Detta analyserades med hjälp av PCA och 
korrelationsanalys av relationen mellan deltagarnas kunskapssyn och bedömningsresultatet. Inom 
detta sammanhang kunde det dras slutsatsen att (I) en mer sofistikerad syn på naturen av kunskap och 
kunskap och (II) heterogeniteten hos en studentgrupp med avseende på kunskapssynen verkar vara 
kopplad till högre kvalitativa prestationer. Bevis för en korrelation mellan elevernas individuella 
kunskapssyn och de valda inlärningsmetoderna diskuteras inom ramen för en generell lämplighet av 
konstruktivistiska undervisningsmetoder. 

 

 

Nyckelord: bedömning, Bloom’s taxonomi, SOLO-taxonomi, konstruktivistisk undervisning, 
kunskapssyn, gruppsammansättning, PCA 
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1. Introduction 

When I decided to leave the university and start teaching at high school, I frequently met the 

question: Why do you want to teach? To answer this question I like to use quote by Elena Aquila, a 

leadership coach from California: “I teach because, for me, it's the most effective and most enjoyable 

way to change the world. […] Teaching allows me to work on hearts and minds, to guide people in 

becoming empowered, literate, engaged, creative, liberated human beings who want to join in this effort 

to change the world.” To me this overall vision implies that I would like to create appropriate teaching 

environments which guide people and empower/engage them. As a consequence of my experience from 

teaching at university I embrace the idea of implementing constructivism in teaching. While being aware 

of many of the cited pitfalls one might run into when using a constructivist teaching design, I am still 

convinced that students learn best when engaged in activities where they can create their own 

knowledge. 

With this conviction I designed and pursued a teaching unit for a biology course of second year 

students. In the beginning a felt a bit resistance from the student towards the task (I assumed this was 

due to their previous experience of a rather traditional teaching style in biology), but with time they got 

more and more engaged and in the end the assessment of the learning outcomes showed that the 

teaching lead to high quality learning outcomes. None of the student failed based on the written 

assignment and none of the students received a grade lower than C. On the one hand side I could explain 

the outcome by the fact that in addition to extensive feedback, I explained the grading system several 

times during the course and exercises using the grading system on example texts were used to make the 

students aware of what the expected learning outcomes are. However, on the other hand side I was still 

a bit surprised and had several questions:  

First of all, was the grading system I adopted not efficient to reliably measure the learning 

outcome? I based the grading on recommendations by the Swedish school law and the knowledge 

requirements for the course Biology 2 - still, I did not always perceive it as intuitive to interpret the 

differences between different adjacent grades, especially at higher quality levels. Would it, as a 

consequence be necessary to complement the assessment method with a second one?  

And second, was the teaching approach in the spirit of constructivism not be suitable to all 

students in the same way? Even though I aimed to pay attention to all students in the same way to make 

sure that all receive feedback and proper help on each step taken towards the final written assignment, 

not all students used my guidance nor did all receive the highest grades. Was the learning outcome in 

the student group therefore more influenced by the personal premises each single individual brings into 

the learning environment? Would it be an advantage for me as a teacher in the classroom to make the 

effort and test known premises (e.g. motivation and beliefs) on a regular basis to adapt teaching 

accordingly? 

To meet some of these questions on a more scientific basis, I was evaluating a constructivist 

teaching design I implemented to (a) estimate how successful the learning outcome was in the scope of 

different scales for quality assessment and (b) to estimate the variation of the epistemic beliefs in the 

students group and its potential effect on learning outcomes.   



P a g e  | 2 

 

2. Aim of study and question 

 

The overall aim of this essay is (I) to estimate the consensus between the outcomes of different 

methods to assess written assignments of second year students at a high school in Västerbotten, Sweden 

and (II) to analyze a potential correlation between the epistemic beliefs of the students and the assigned 

quality levels. 

 In order to conduct this analysis a teaching design was constructed by applying the concept of 

the so-called constructive alignment, a design which according to Lucander et al. (2010) can “encourage 

students to adopt a deeper approach to learning “, thereby generating knowledge with increased 

complexity. Within the frame of this teaching design the assessment (or grading-) method of choice was 

a rubrics system based on the official curricular knowledge requirements, which in general followed 

Bloom’s revised taxonomy of cognitive processes  (Wikström 2013; Skolverket 2011). An often criticized 

disadvantage of creating rubrics for this type of scoring system are the sometimes equivocal criteria for 

differentiating qualitative levels even for the higher cognitive levels (Schreiber et al. 2012). Therefore 

this study aims to test the overlap of results derived from the Bloom’s taxonomy based grading system 

with the assessment outcome based on an alternative assessment system: the SOLO-taxonomy 

(Lucander et al. 2010).  

This study had its staring point in the creation of a learning environment that would encourage 

students to follow a deep learning approach which hopefully positively impacts the quality of the written 

assignments. However, such a learning environment does not alone impact the development of 

knowledge and understanding. It has been shown earlier that the student’s epistemic beliefs, also 

defined as “individual representations about knowledge and knowing”  are associated with students 

learning motivation, learning strategies, learning outcomes/achievements as well as conceptual 

understanding (summarized in Kampa et al. 2016). These beliefs are a factor that the teacher may not 

be able to influence but that may impact the quality of the written assignment. To estimate this impact 

the study presented aimed also to describe the epistemic beliefs of the participating students and analyze 

the relation between the epistemic belief and the assessment outcome. 

 

Question:  
 

Does the assessment of written assignments using two different assessment methods (Bloom’s 

taxonomy based grading system and SOLO-taxonomy) result in the assignment of the comparable 

quality levels?  

When implementing a constructivist teaching design, are the epistemic beliefs of the participating 

students correlated to the assessment outcome? 
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3. Background 

After studying and working as researcher at different universities for most of my after school life 

I decided to go back to school to teach first and second year natural science classes at the high school 

level in Sweden. As also requested by Boud & Falchikov (2006), I did not only intend to inspire the 

students for different topics of science and help them pass their high school exams, but also to balance 

this short-term focus with the aim to prepare the students for the academic world they might entre after 

graduation and to give them tools for future learning and working in science.  

In agreement with these intention I applied the concept of constructive alignment (Biggs 1999) 

and creative thinking in science (discussed in Gregory et al. 2013) when developing teaching designs. 

The concept of constructive alignment has been applied to teaching university students in e.g. medicine 

(Lucander et al. 2010) and seems as applicable to science classes at the high school level.  

In the following, basic concepts such as deep and surface learning, constructive alignment, 

quality assessment, Bloom’s taxonomy, SOLO-taxonomy and epistemic beliefs will be introduced and 

related to each other to define the scope of this study.  

Deep and surface approaches to learning and teaching  
From studies conducted in the 1970’s/ 80’s it was interfered that students in general adopt two 

different approaches - defined as deep and surface approach to learning - when carrying out a specific 

task (summarized in Smith & Colby 2007; Beattie et al. 1997). In this context the surface approach was 

often connected to the student’s intention to pass a grade. It was characterized by minimal engagement, 

memorizing and acquisition of information, and repetition of simple procedures – meaning approaches 

that are not based on reflection, analysis or interpretation of information (Smith & Colby 2007). On the 

opposite side, students following a deep approach to learning were seeking meaning and understanding, 

showing an inner interest in learning, focusing on relations between threads of information to the 

extend, that they were formulating abstractions,  hypotheses and beliefs about concepts (Smith & Colby 

2007; Haggis 2003). Within the literature, surface learning was frequently linked to poor learning 

outcomes, while deep approaches to learning were linked to high quality learning outcomes 

(summarized in Haggis 2003; Lucander et al. 2010). However, Haggis (2003) questions this 

oversimplification of these terms and argues that also surface approaches to learning can lead to deep 

understanding.  

Within the context of this study both surface and deep approaches to learning are perceived as 

linked with each other, as the acquisition and memorizing of information is seen as an absolute 

prerequisite to understanding and abstraction. In agreement with Hattie (2012) it was therefore 

assumed that both approaches together lead to surface and deep understanding which together may 

result in the development of a complex conceptual understanding for a scientific topic.  

Previously, it has been discussed that the approach to learning a student adopts cannot be seen 

as part of an inherent individual characteristic rather than a choice made in relation to a specific learning 

situation (Biggs 1999; Beattie et al. 1997). This choice can among other factors be influenced by the 

attitudes of a students to the topic, the perceived relevance of a task, the teaching style and applied mode 

of assessment (Beattie et al. 1997). According to Biggs (1999), using so-called “active” teaching methods 

(such as Problem Based Learning (PBL), Inquiry Based Learning (IBL)), which require the student to 

reflect, question, relate and speculate and thereby apply higher cognitive activities, provoke the adoption 

of a deeper approach to learning. Even this assumption that “manipulating the [learning] environment 

will change the way” the student approaches the learning is highly debated up to the point that a notion 

arose which claims that “it is almost impossible to induce a deep approach, if it is not already 

there”(Haggis 2003). 
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As in this study surface and deep approaches to learning were seen as linked to each other, there 

was no requirement of a per se “induction” of only deep learning. Therefore it was aimed to maintain a 

learning environment showing a balance between learning activities promoting both surface and deep 

approaches to learning. However, to help students to develop an increasing complexity of their 

conceptual understanding, this study was based on a teaching design that included a high number of 

moments for providing feedback, discussions to challenge ideas and concepts and possibilities for self-

reflection, all aspects which according to Hattie (2012) and Wiliams (2013) encourage a deeper 

processing of information. Furthermore the epistemic beliefs (attitudes) towards biology of the students 

were estimated as a factor which impact the learning approach the students may choose (Beattie et al. 

1997). 

Constructivism in teaching 
Constructivism can be seen as a theory of learning and teaching (Rowe 2006; Gordon 2009). It is 

based on the idea that knowledge is constructed through activities that create meaning, which implies 

that knowledge is always impaired by a given perspective and value judgement (Gordon 2009). In order 

to construct knowledge the students should therefore need to meet teaching environments where they 

can “actively create, interpret, and reorganize knowledge” and be participators in the learning process 

while the teachers are rather seen as “facilitators” (Gordon 2009; Savasci & Berlin 2012). Activities such 

as Problem Based Learning, Inquiry-Based Learning, open discussions with teachers and peers and the 

exposure to multiple sources of information are frequently described as constructivist teaching 

approaches (Gordon 2009; Lucander et al. 2010; Windschitl 1999; Baviskar et al. 2009; Serafín et al. 

2015; Dostál & Klement 2015). According to Gordon (2009) different misconceptions could be observed 

in the past when constructivism was implemented in a teaching environment, and neither of those 

promoted either further (re-)construction of knowledge or met the student needs. In the same line he 

points out that in the context of a learning environment constructivism must not be mistaken with (a) 

as a student-centred teaching approach, (b) a teaching design based on the sole assumption that 

students literally teach themselves or (c) a teaching activity which does not require content expertise by 

the teacher, in fact teachers have to be highly experts with the content in order to engage in different 

discussions and guide students along their questions (Gordon 2009).  

It has been shown that even though science teachers welcome the idea of constructivism, only few 

of them actually implement constructivist beliefs in their teaching which might partly be due to their 

own background, prior experience and content knowledge in the topic taught (Savasci & Berlin 2012).   

Can writing a popular science article be an activity that meets the criteria for constructivist 

teaching? According to Baviskar et al. (2009) four criteria can be used to characterize constructivist 

teaching: (a) eliciting prior knowledge, (b) creating cognitive dissonance, (c) application of the 

knowledge with feedback and (d) reflection on learning. In the line with these four criteria the study 

presented aimed to describe a teaching design that included (I) the activation of prior knowledge by the 

means of preparative lectures and a test, (II) the creation of cognitive dissonance with the help of 

popular science articles as starting point for the work on the assignment, (III) the analysis of previous 

knowledge in a new context to (may be) identify the need for more information or rethinking – a task 

that was conducted in groups and was accompanied by constant feedback, both from teachers and peers 

-  and finally (IV) the writing of the actual popular science article as a method to reflect on the newly 

developed understanding and knowledge. Therefore it could be summarized that the teaching design 

presented here could be understood as a constructivist approach. In addition to meeting the four criteria 

it was assumed, that my own background and experience as a researcher as well as a generally broad 

knowledge and proficiency with the methods the students were supposed to apply provided a reasonable 

good ground for a the creation of a constructivist learning environment which would support high 

quality outcomes.  
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Constructive alignment in teaching  
The term constructive alignment is used in this study as a concept for the generation of a teaching 

environment or teaching design (Biggs 1999). Thereby the expression stands for the notion that it is 

necessary to align the expected learning outcomes (objectives) with the learning activities and the 

assessment tasks in order to ensure high quality teaching and learning. Biggs (1999) argues that it is not 

only necessary to plan teaching activities and assessment in alignment with objectives, but also to clarify 

the objectives, the validity of the planned learning activities and assessment methods and the criteria 

for meeting the minimum objectives to the students. Only then, teaching may evoke high quality 

outcomes. As pointed out by Heitink et al. (2016) several studies have shown that a part of the alignment 

should contain assessment for learning practices which include systematic feedback in order to specify 

goals or criteria. As a consequence this could raise the awareness for the expected learning outcome and 

give the students the opportunity to adjust their approach to learning and get more involved in their 

own learning process (Heitink et al. 2016). The idea of raising the awareness for the expected learning 

outcomes through e.g. joint assessment of text examples using the set criteria, represents one of the 

strategies for formative assessment (Wiliams 2013) and was implemented in this form in the teaching 

design presented in this study.  

In addition to the effect constructive alignment has on student awareness and approaches 

towards the expected learning outcome in a given course, Boud & Falchikov (2006) even request an 

alignment of the assessment method towards future perspectives and lifelong learning. In this sense the 

assessment task in the study presented was based on writing a popular science article, where the 

students practiced to search information, combine and simplify it so that it is presentable to a broader 

audience, a practice they might meet in different occupational areas.  

Quality assessment 
In the preceding paragraphs basic theory was roughly summarized and discussed on what might 

be important to take into account when creating a teaching design with the aim to promote high quality 

learning outcomes. But, why do we need to assess quality, what is high quality and how is it assessed in 

the scope of this study?  

In a school context quality assessment serves several different needs: On the one hand side 

assessing the quality is of high importance to evaluate student knowledge, understanding, abilities and 

skills in order to both document and improve the teaching towards the goals stated in the school law 

and curriculum (Selghed 2011; Fry et al. 2009).  Therefore quality assessment also serves to establish a 

standardisation in the form of providing grades, which enables the teacher and students to perceive 

progression (Fry et al. 2009). On the other hand side quality assessment can be seen as feedback-

method, which is important to make the students aware of its individual development in relation to 

knowledge acquisition and improve student learning (Fry et al. 2009). In the context to promote 

learning by the means of feedback using quality assessment, it seems important to follow practises such 

as assessment at the start of a module and during modules by the means of peer and self-assessments 

(Fry et al. 2009; Wiliams 2013). At the same time signals the assessment outcome to the society (e.g. 

future teachers or employers), which quality level with respect knowledge and abilities might be 

expected from the student, thereby serving as a certificate (Fry et al. 2009). As a consequence to those 

aspects quality assessment may act as a strong motivator for students to pursue a certain learning 

approach. 

The online Oxford Dictionary provides a definition of quality as “the standard of something as 

measured against other things of a similar kind; the degree of excellence of something” (2017, 

https://en.oxforddictionaries.com). This clearly describes quality as being a relative measure. In the 

spirit of constructivism one also would have to assume that the definition of quality is based on 

individual perception – but is it always a question of perspective or is it possible to apply universally 

accepted criteria?  

https://en.oxforddictionaries.com/
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According to the Swedish school law, quality can be used as a term to describe a demand on 

knowledge, where it stands for both the specificity and the degree of knowledge (Selghed 2011). With 

respect to specificity the school law request an assessment of the development of knowledge towards 

facts, understanding and analysis while knowledge levels (or grades) are to be assigned from E to A. This 

view on assessment is seen as hierarchical where the lowest grade E defines a quality level mainly 

focused on facts, the intermediate grade C build s upon understanding and the highest level A shows a 

clear focus on analysis (Selghed 2011). This system to assess quality of learning is commonly use in the 

school context and is often related to Bloom’s taxonomy of learning domains (Wikström 2013). In 

contrast, literature on quality assessment at a higher educational level (university) seems to favour 

quality assessment based on the SOLO-taxonomy as described in Biggs (1999). 

Within the scope of this study two assessment methods were compared which apply quality 

assessment based on theories on hierarchical development of cognitive abilities of students: the revised 

Bloom’s taxonomy (briefly described in Wikström 2013) and the SOLO-taxonomy (Biggs 1999; 

Lucander et al. 2010). In the following these taxonomies are briefly described. 

  Bloom’s taxonomy 
Benjamin Bloom developed in the 1950 a taxonomy with the intention to provide classification 

and description of how students learn. Nowadays, this taxonomy is frequently used as a basis for 

different assessment methods. Even though Bloom describes three different areas of learning (cognitive, 

affective and psychomotor) most attention has been drawn to the cognitive domain (summarized in 

Wikström 2013). The revised Bloom’s taxonomy is based on the observation of different hierarchical 

categories (or abstraction levels) that each learner has to pass in order to develop understanding and 

generate new knowledge: (I) remember, (II) understand, (III) apply, (IV) analyse, (V) evaluate and (VI) 

create. To assess where the student is in the learning process and which qualitative level a student 

performance represents these categories are tested with respect to the degree of factual, conceptual, 

procedural or metacognitive abilities observed. 

This categorization may be compared to the knowledge requirements stated by the school 

curriculum for e.g. biology at the Swedish high school (Skolverket 2011), where Bloom’s category (I) can 

be compared to knowledge of facts, while Bloom’s category (II) and (III) equal the curricular 

requirement on understanding. Finally, Bloom’s categories (IV), (V) and (VI) are comparable to the 

knowledge requirements for analysis.  In general the assessment system recommended by the Swedish 

school law with the different knowledge requirements represents a simplified Bloom’s taxonomy. To 

assess the quality of a learning outcome these categories are tested with respect to the quality level the 

student shows while fulfilling a task. In order to promote equality and reproducibility of assessment 

outcomes the Swedish school law provides a description of the criteria for the differences between 

degrees of quality (Selghed 2011). However, a criticized disadvantage of those are the sometimes 

equivocal criteria for differentiating qualitative levels, which appear partially overlapping thereby 

leaving to much space for interpretation when constructing the final assessment system  (Schreiber et 

al. 2012; Selghed 2011).  

Still, the taxonomy may be used to plan objectives for teaching, help teachers to align objectives, 

planned teaching activities with the assessment method of choice and assess the quality of the learning 

outcomes. In addition, applying Bloom’s taxonomy to a process called spiralling such as described in 

Lucander et al. (2010) might promote the students to engage in learning approaches which first start at 

the lower cognitive level and during progression of teaching increases the level of thinking towards 

higher cognitive levels leading to higher quality outcomes. 

SOLO-taxonomy 
A less complex, but still hierarchical taxonomy which is also based on cognitive levels is the SOLO-

taxonomy (Biggs 1999; Lucander et al. 2010). The abbreviation SOLO stands for “Structure of Observed 
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Learning Outcomes”. Even though this taxonomy is also based on how students learn, it categorizes the 

quality levels of learning according to the complexity of the observed learning outcome. The underlying 

assumption includes that “structural complexity increases with increased student learning” (Lucander 

et al. 2010), which at higher levels may be observed by more integrated details and the presentation of 

more complex structural patterns. In order to use this taxonomy for assessment, five different quality 

levels are defined: (I) pre-structural, (II) uni-structural, (III) multi-structural, (IV) relational and (V) 

extended abstract (Biggs 1999; Lucander et al. 2010).  

In the model presented in Fig. 3.1 the five categories are depicted according their hierarchy level. 

In general this model contains both a quantitative (e.g. number of facts or connections) dimension, 

representing knowledge, and a qualitative dimension (abstraction and complexity level), representing 

an increasing understanding for a given content (Lucander et al. 2010). As described by Lucander et al. 

(2010) the implementation of the SOLO-taxonomy and the process of spiralling during teaching 

medicine lead to an improvement of the quality of learning as it appears to promote the students to 

adopt deeper approaches to learning and conducting a task.   

 

 

Fig.3.1: The SOLO-taxonomy 

according to Biggs (1999). Picture 

taken from Lucander et al. (2010) 

 

In several studies Hattie and co-workers found that often assessment methods based on Bloom’s 

taxonomy are dominated by tasks that require low complexity when compare to the SOLO-taxonomy – 

or as Hattie simplifies it: surface items (Hattie 2012). Therefore this study aims to answer the question 

how much overlap can be observed between assessment results with criteria based on the 

recommendations of the high school curriculum (simplified Bloom’s taxonomy) and the SOLO-
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taxonomy, while being aware that the teaching design uses the simplified Bloom’s taxonomy based 

system to promote high quality learning. 

Epistemic beliefs 
As pointed out earlier the choice of learning approach or strategy a student might apply does by 

far not solely depend on the offered teaching activities, assessment method or social aspects of the 

learning environment. The strategy students are using might as well be influenced by the attitude a 

student has towards science or a scientific content as a consequence to prior experience and knowledge 

(Beattie et al. 1997). In the scope of this study such attitudes are evaluated in the meaning of epistemic 

beliefs towards biology as school subject and scientific area. Epistemic beliefs are defined as “individual 

representations about knowledge and knowing” and their impact on learning in a school environment 

has been subject to extensive studies (for review see Kampa et al. 2016), which e.g. could associate 

epistemic beliefs with student motivation, learning strategies chosen, learning outcomes and 

achievements and the level of understanding a student develops for different concepts in a given topic 

(summarized in Kampa et al. 2016, ).    

Depending on the literature evaluated epistemic beliefs are described as a profile or construct that 

is composed of four to seven dimensions (summarized in Kampa et al. 2016). These dimensions together 

describe a person’s perspective on the nature of knowing and knowledge. They are defined as (I) speed 

of knowledge acquisition, (II) simplicity of knowledge, (III) meaning of learning/success, (IV) source of 

knowledge/authority, (V) certainty of knowledge/ truth, (VI) justification of knowledge and (VII) 

development of knowledge. In the context of their definition, these dimensions or sub-constructs may 

possess the following ranges: 

I. speed of knowledge acquisition quick or not at all  

II. simplicity of knowledge discrete facts, which can be right or wrong 

III. meaning of learning/success learning/success can or cannot be influenced 

IV. source of knowledge/authority from authorities vs. generated by the student 

V. certainty of knowledge/ truth naïve (right/wrong) or more sophisticated 

(based on different perspectives) 

VI. justification of knowledge naïve (one observation) or more sophisticated 

(based on reasoning, thinking, several 

observations) 

VII. development of knowledge naïve (knowledge is static, unchangeable) or 

more sophisticated (underlie changes over time) 

It is known that among those several are correlated to each other, i.e. (V) certainty and (VII) 

development of scientific knowledge together represent the view on the nature of knowledge, while (IV) 

source and (VI) justification give information on the beliefs on the nature of knowing (Kampa et al. 

2016). As pointed out by Bodin & Winberg (2012) the dimensions of (I) speed of knowledge acquisition, 

(II) simplicity of knowledge and (III) meaning of learning/success are more connected to the students 

self-concept an relate to the sense for autonomy and competence, crucial factors that have been shown 

to influence student motivation to choose a specific approach to learning (Giota 2013).  

Within the scope of this study it was intended to create a constructivism-based teaching 

environment that would encourage students to develop towards a deeper approach to process 
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information. However, as the epistemic belief is an individual characteristic which is assumed not to 

change within short time (Bodin & Winberg 2012) but still influences learning, it was seen as necessary 

to analyze the epistemic beliefs of the student population to allow for conclusions on a potential 

correlation between the chosen teaching design and learning outcomes in relation to the students 

epistemic beliefs. 
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4. Material and Methods 

The aim of this essay is to describe a teaching design which applies the concept of the so-called 

constructive alignment as described in Lucander et al. (2010) to a high school environment and evaluate 

the outcome based on the quality of students’ performance using methods based on Bloom’s taxonomy 

and SOLO-taxonomy, respectively. In addition this study estimates to which extend the participants 

epistemic beliefs toward learning biology determined the learning outcome as a consequence of the 

teaching design. Hereinafter more detailed information is provided on the three main steps involved in 

the design and assessment process:  

I. Development and description of a teaching design based on criteria for constructive 

alignment that follows the core content and the knowledge requirements for the high 

school course Biology 2 (human immune system, characteristics of biology as science 

and methods in biology) (Skolverket 2011).  

II. Implementation of the teaching design and collection of material for the assessment of 

the quality of student’s performance. The assessment consisted of two general parts using 

semi-quantitative and qualitative analysis methods. First, analysis of students’ attitudes 

and epistemological beliefs in association with biology as a subject was based on a semi-

quantitative questionnaire study. And second, assessment of students’ performances 

when writing a popular sciences article was based on the evaluation of the quality of the 

resulting article using (a) a scoring matrix following the official curricular knowledge 

requirements and Bloom’s taxonomy (Skolverket 2011) and  (b) a scoring system based 

on the SOLO-taxonomy. These two methods were considered to be qualitative/semi-

quantitative.  

III. Analysis of the collected material for the assessment of the student’s performance as a 

consequence to the teaching design. This analysis consisted of both qualitative (e.g. 

qualitative text analysis using SOLO-taxonomy) and (semi-)quantitative methods (e.g. 

PCA-analysis of questionnaire results) and can therefore be seen as a mixed-method 

approach. In total the analysis aimed mainly to describe but also partly to compare the 

different assigned quality levels of student performance and correlate characteristics of 

the involved groups of students (i.e. epistemological beliefs) with the learning outcome. 

Finally a general evaluation of the teaching design and assessment methods is discussed 

in order to elucidate advantages, disadvantages and possible pitfalls that might become 

apparent when using the idea of constructive alignment for the planning and conducting 

teaching at the high school level.  

Students 
The student group consisted of 20 individuals (5 male, 15 female) from the natural science 

program, which were enrolled in the course “Biology 2” at a high school in Västerbotten County, Sweden. 

As a consequence of the nature of this study it was refrained from dividing the student group into test 

and control group. Therefore all 20 students contemporaneously experienced the same teaching 

approach with me as the teacher, who was planning, conducting and analyzing all teaching and teaching 

outcome. The principle for the selection was the availability of the class as well as the opportunity for 

me to carry out the teaching. 

Ethical considerations 
To protect the individuals included in the study ethical considerations according to 

recommendations of the Swedish Research Council (Vetenskapsrådet 2002) were taken into account. 

The main ethical request of the Swedish Research Council on scientific studies was fulfilled by informing 

all participants that their work and questionnaire responses would be included in the study. The 
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students involved in the study were informed that participation was voluntarily and their consent was 

awaited before including their work and questionnaire responses. The school and identities of the 

participants were anonymized during analysis of the material so that no individual can be identified 

from the data and report. All collected material is used only for scientific purposes. 

I. The teaching design – applying the concept of constructive alignment 
According to Lucander et al. (2010) consists a learning environment based on principles for 

constructive alignment of activities which offers the students possibilities to generate meaning and by 

this construct and develop their own knowledge. These activities should be in alignment with the desired 

learning outcomes and the assessment task. Such a learning environment should encourage students to 

deeper process information and thereby reach higher complexity of understanding resulting in higher 

quality learning outcomes (Lucander et al. 2010). Hereinafter the implementation of teaching design is 

described which aimed to apply the above stated principles. 

The timeframe for carrying out the teaching design during the Biology 2 course consisted of 6 

weeks with a total of 15 teaching units, each having a duration time of between 40 to 80 min. The overall 

teaching time was divided in two equally long parts taught one after the other, where part A was 

considered to lay a foundation for part B, the constructivism-based part. As a starting point the students 

were informed about the overall layout of the teaching unit, meaning they got informed that part A was 

mainly based on lectures while the part could be seen as one bigger exercise to carry out the finally assed 

task.  

Part A: facts and concepts - a preparation for part B 

Part A was characterized by what is seen as traditional teaching strategies in the form of lectures, 

experiments with clear and detailed instructions, repetitions using study questions and question-answer 

interactions between teachers and students during the lessons. In addition, elements of formative 

assessment to develop the teaching with the purpose to promote student learning (Wiliams 2013) were 

applied. The content of part A was solely determined by the teacher, which implied that students 

influence and autonomy was low. In part A the course content focused primarily on basic facts, concepts 

and theories of the function of the human immune system (Tab. 1). Part A, which consisted of seven 

lectures and a lab, was concluded with a written test which evaluated each individual student's 

knowledge according to Stiggin's taxonomy at a lower metacognitive level - memory, understanding and 

application (Wikström 2013). 

Tab.4.1: Overview of the content and teaching methods used in part A. 
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Part B (constructivism-based): writing a popular science article 

Part B was designed with a clear socio-constructivist character, with the assignment being 

conducted in 10 groups of students, working in pairs. Overall the lessons were built around the task to 

write a two A4 pages-long popular-science article which would describe a self-selected biological or 

medical context in which knowledge of immunology was of great importance to understand and present 

the subject. Possible topics to choose from were allergies, hypersensitivity, hygiene-hypothesis, 

HIV/AIDS, transplantation, transfusion, biotechnology and artificial organs, implants, influenza, 

pregnancy, antibodies and their applications in biotechnology.   

In agreement with other constructivist teaching strategies such as Socio-Scientific Issues (SSI) 

(Ekborg et al. 2012) or IBL (Pedaste et al. 2015) the students were provided with a short article from 

different online or paper resources as a basis and inspiration for their work as well as an example for the 

expected learning outcome. However, to ensure a high degree of freedom, influence and autonomy, the 

students themselves had to decide at the beginning and during the writing process which content they 

want to present, how detailed to present the content and which layout and visual aids to use in the 

popular science article. Even though the students were quite free in their work, they were still 

encouraged by the teacher to ask questions, search and validate further information and combine 

information from different resources, to increase their own (group-) knowledge on the topic chosen. 

Within this context the teacher acted as a guide to different search tools and methods to visualize/ 

analyze information.  

II. Constructive alignment - collection of material for the assessment 
Based on the assignment the students had to meet two requirements:  

The students were supposed to write a popular science article. Therefore they should use self-

chosen resources to describe the chosen topic and give explanations that clearly relate important 

phenomena to facts in immunology.  

The students were supposed to provide a detailed documentation of their working progress by 

keeping a search-/reading journal, a mind-map, which developed over time and gave information about 

the putative content and design of the final article. 

All documentation generated by the students was mainly used for formative assessment of the 

work in progress according to Wiliams (2013) five strategies, thereby working towards increasing the 

awareness of the students for the expected learning outcomes by e.g. evaluating preliminary text using 

the same analytical scoring matrix (based on Bloom’s taxonomy), which was later on used for the 

summative assessment.  

III. Analysis of the collected material for the assessment 

Assessment tools and Analysis 

In order to analyze the outcome of the teaching design in a learning environment following the 

criteria for constructive alignment, I chose to apply different methods: 

1. A questionnaire-study to estimate the epistemic beliefs of the participants towards 

biology as scientific subject (supplied by Mikael Winberg, Umeå University, Sweden). 

2. A qualitative analysis of the student’s performance during working progress and of the 

final written assignments handed in by each student group using the a scoring matrix 

based on the official curricular knowledge requirements and Bloom’s taxonomy 

(Skolverket 2011).  
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3. A qualitative analysis of the final written assignments handed in by each student group 

using the SOLO-taxonomy (Biggs & Collis 1982) which was complemented by ranking the 

assignments as a consequence of a deeper text-structure analysis.  

4. A quantitative evaluation of putative relations between the results generated by the 

different assessment methods and the epistemic beliefs of the students. This statistical 

analysis was based on the results from the analyses 1-3.  

 

Analysis of the quality of the student’s performance based on Bloom’s taxonomy 

In agreement with the knowledge requirements described in the official course curriculum for the 

course Biology 2 (Skolverket 2011) an adapted analytical scoring matrix was generated to meet the 

desired learning outcomes and assessment tasks (Jönsson 2013; Supplemental Tab. 1). As the 

definition of the different quality levels/ knowledge requirements in the course curriculum are often 

defined in the context of the revised Bloom’s taxonomy (Wikström 2013) it was assumed that the 

analytical scoring matrix could also be used to assess the essay quality in relation to Bloom’s taxonomy.  

Using this scoring matrix, all written assignments were assigned to a quality level represented by 

the commonly used grades A to F. While the grade F indicated failure, symbolized grade E to A passing 

of the task with increasing quality. The results from this quality assessment were partly transformed 

into numbers (F to 0; E to 1; D to 2; C to 3, B to 4 and A to 5), which were the basis for the statistical 

analyses using regression and Pearson correlation. 

Analysis of the quality of the student’s performance based on the SOLO-taxonomy 

In order to estimate the quality of the final written assignments and thereby the deepness of the 

learning approach the work was evaluated using the SOLO-taxonomy as described in Lucander et al. 

(2010). Therefore, all titles, sub-titles, illustrations and models were removed from each article and the 

resulting text was divided into minimal units defined by one sentence, independent of its length (Fig. 

4.1). Subsequently each unit was assessed according to the five SOLO-levels: (1) pre-structural, (2) uni-

structural, (3) multi-structural, (4) relation and (5) extended abstract. During analysis, it became 

obvious that several sentences within a paragraph, but even paragraphs between each other were 

connected to each other by either adding up facts to the same content, relating to each other or even 

showing content analysis by suggesting questions, models or hypotheses. This observation led to a 

further extension of the quality assessments towards an additional level (named paragraph/article) 

where assessment was conducted base on paragraphs as the smallest unit to define the SOLO-level (Fig. 

4.1). In summary this meant that for each article the data collected contained information on the 

assignment of each single sentence or paragraph/article to one of the five SOLO-levels. Subsequently 

the collected data was transformed into numbers that were applied as a basis for the following analysis 

using principle component analysis (PCA), regression and correlation analysis.  

As a consequence of the text analysis using the SOLO-taxonomy it was assumed that the number 

of connections between sentences and paragraphs within each text may as well provide information on 

the quality of the written assignment. It was also assumed that within a text each sentence carries a 

function and that its importance might be linked to the number of connections. Inspired by different 

types of network-graphics, such as gene expression networks, a graphics-based text-structure analysis 

was conducted in order to complement the analysis of the quality of the written assignments using the 

SOLO-taxonomy. 
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Fig 4.1: Workflow for the analysis of the quality levels of the written assignments using the SOLO-taxonomy 

and text structure analysis. 

Analysis of the quality of the student’s performance based on the text structure of the 

written assignment 

In order to estimate the quality and complexity of the written assignment two different but related 

methods were applied: (a) the quality assessment using the SOLO-taxonomy and (b) a complementary 

analysis and visualization of networks representing text structures within each article. Both methods 

were based on the minimal units of sentences or paragraphs, but, while the analysis using the SOLO-

taxonomy gave information about the quality of observed connections between sentences or paragraphs, 

gave the text network-analysis information about the quantity of observed connections and information 

on the text structure.  

In order to conduct the text network-analysis information on the amount of connections 

identified during the SOLO-analysis was collected and used to generate for each article a model-

network.  In this context a connection could be an additional fact/explanation, facts set into relation or 

even the analysis of the content presented resulting in the generation of questions, hypotheses or 

models. A connection stands only for a relation between 2 sentences/ paragraphs but does not give 

information on the quality of the relation as the SOLO-analysis does. However in this study it was 

assumed that to demonstrate deeper understanding for a given content it is necessary to relate the 

content of the minimal units (sentences and paragraphs) to a higher extend to each other and as a 

consequence making more connections. This should result in the creation of a more complex overall text 

structure which could be analyzed using model text-networks. 

 In such a network each sentence is represented by a color-filled circle (a so-called node), where 

the diameter stands for the number of connections the sentence is a part of within the same paragraph. 

Each connection is represented by a black line (a so-called edge). Connections could be observed both 

within but also in between paragraphs (Fig. 4.1). Therefore red circles surrounding all sentences within 

a paragraph, connected by red lines symbolize inter-paragraph connections. Based on the number of 

connections within the network structure the written assignments were ranked on a scale from 1 to 10, 
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an average rank was calculated and subjected to further statistical analysis using linear regression and 

Pearson correlation. 

Analysis of the student’s epistemic beliefs with respect to biology 

The individual epistemic belief of each student participating in this study was analyzed with 

respect to the student’s attitude towards biology as school subject and scientific discipline. It has been 

shown, that the epistemic belief influences how a student approaches and conducts school tasks and 

how he judges/perceives the outcome. To describe the epistemic beliefs of the pairs of students working 

together, each student was asked to fill in a survey which consisted of 37 statements (supplied by Mikael 

Winberg, Umeå University; Supplement Tab. 2). In this context it was assumed that the total 

epistemic belief is a composition of the student’s beliefs on the following sub-constructs: (I) speed of 

knowledge acquisition, (II) simplicity of knowledge, (III) meaning of learning/success, (IV) source of 

knowledge/authority, (V) certainty of knowledge/ truth, (VI) justification of knowledge and (VII) 

development of knowledge. Therefore each question aimed to estimate the attitude of a student toward 

one specific sub-construct (Tab. 4.2). 

The students were asked to express their agreement or disagreement to a given statement by 

setting crosses on linear scales from 0 to 5. According to their distance from 0 the positions of the crosses 

were subsequently transformed into numbers which were the basis for the following analysis using 

principle component analysis (PCA), regression and correlation analysis.  

 

 

Tab 4.2: Assignment of the survey questions to the 

respective sub-constructions which together contribute 

to the overall epistemic belief. 

 

 

Application of the method Principle component analysis (PCA) - in brief 

The Principal component analysis (PCA) is an unsupervised approach that can be applied when 

analyzing a multivariate dataset with the aim of identifying groups of related variables based on 

information inherent in the dataset (Deonier et al. 2005). PCA functions thereby as a projection method 

to generate hypotheses based on a dataset rather than testing them. Using the pca script for the R 

software the dimensionality of the data set was thereby reduced as only those variables were taken into 

further analysis which could explain most of the variation within the dataset. As an example, the analysis 

of the epistemic sub-construct speed of knowledge acquisition started with a dataset with 20 x 5 (number 

of students x number of statements) dimensions. Using PCA it was possible to identify a component 

which could explain most of the variation in this sub-dataset. A subsequent analysis of the loadings for 

each statement revealed that the results for the statement 22 and 15, which were positively and 

negatively correlated with the calculated PCA-score, respectively, most probably had the highest impact. 

Based on the content of statement 22 and 15 (Supplemental Tab.2) it could further be concluded that 

a high PCA score indicated a more sophisticated view on the speed of knowledge acquisition (it takes 

time). By following this approach, PCA helped to identify and relate patterns seen in the datasets 

analyzed. 
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5. Results 

 

Analysis of the quality of the student’s performance based on Bloom’s taxonomy  
In order to assess the quality of written assignments, a scoring matrix based on Bloom’s taxonomy 

was applied. By these criteria the following grades were be assigned to the different groups: 

 

Tab. 5.1: Assigned grades/ quality levels for the 

written assignment based on Bloom’s taxonomy.  

 

As visible in Tab. 5.1 none of the groups received the grades D or E as an outcome of the teaching 

design. This implies that in general, based on the official curricular requirements the teaching design 

was implemented rather successful. This also implies that all groups at least partly showed the ability to 

relate and apply content in the proper meaning and present a more complex understanding of the 

chosen topic.  

 

Analysis of the quality of the student’s performance based on the SOLO-
taxonomy 

In order to apply an alternative method, the written assignments were analyzed using the SOLO-

taxonomy and data was collected as described above. During the subsequent analysis the information 

on the assignments was transformed into frequencies, which summarized how often sentences or 

paragraphs within the whole text fell into the respective SOLO-levels. The resulting frequencies for the 

SOLO-levels 1, 2, 3 and 4, 5 were combined (Tab. 5.2) and the resulting values provided the basis for a 

PCA (Fig. 5.1).  

 

 

Using this dataset for PCA, a basic model was generated in which the principle components 1 

explained 67 % and 2 explained 23 % of the total variation within the data. In Fig. 5.1 A, it can be 

observed that the PC 1 may explain the variation depending on the respective SOLO-levels with a positive 

PC 1-value indicating a high SOLO-level and a negative PC 1-value indicating a lower SOLO-level. A 

Tab. 5.2: Combined frequencies of the respective assigned SOLO-levels for each essay.  
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higher PC1-value indicates higher complexity and quality. Even though PC 2 seem to explain the 

variation observed based on the assessed units, this variation seemed to be linked to the respective 

SOLO-level and will therefore not be further discussed (Fig. 5.1 A). Applying this basic model, the 

loadings for the respective units and their according SOLO-levels were calculated for each analyzed text 

and their sums plotted in Fig. 5.1 B.  

 

Fig. 5.1: Principle Component 

Analysis on the combined 

frequencies of the assigned 

SOLO-levels in the written 

assignments of the different 

groups.  

 

From a comparison of the data analyzed for group 7 and 10 in Fig. 5.1 B and Tab. 5.2, it could 

be seen that the highest PC 1 seem to be determined by the assignment of high SOLO-levels to all units 

assessed. The written assignments of these two groups were the only ones that showed a majority of 

sentences and paragraphs at SOLO-level 4/ 5. This indicated that the students already at the smallest 

unit showed a deeper and more complex understanding for the content presented. In contrast, the PC1-

results of the groups 2, 9 and 11 showed negative values, which most likely represent a result of the 

majority of sentences and paragraphs at SOLO-levels 1, 2, and 3. Group 2 showed the highest frequency 

of SOLO 1, 2, 3 at the article level and group 9 and 11 the highest frequency of SOLO 1, 2, 3 at the smallest 

unit – the sentence (Tab. 5.2 and Fig. 5.1 B). Together this indicated that the groups 2, 9 and 11 showed 

a rather surface understanding for the content presented, which was determined by the knowledge of 

multiple facts which were presented separately rather than in a relation to each other, however groups 

9 and 11 partly showed the ability of putting facts in relation at the unit of a paragraph (Tab. 5.2).  

Among the rest of the groups, 3 and 5 interestingly achieved very similar results in their written 

assignments as shown by a PC 1 loading close to zero, which indicated a rather balanced distribution of 
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sentences and paragraphs categorized to the different SOLO-levels (Tab. 5.2 and Fig. 5.1 B).  Finally, 

PCA revealed increasing positive PC1-values for the written assignments of the groups 1, 4 and 6 which 

contain more than 60 % of sentences assigned to the SOLO-level 1, 2 and 3 (Tab. 5.2), thereby showing 

a broad knowledge of facts which are only partially put into relation or further analyzed at the sentence 

unit. But these groups still show the ability of relating or analyzing facts, as between 90 and 100 % of 

the paragraphs are assigned to the SOLO-level 4 or 5 (Tab. 5.2) resulting in a positive PC 1- value (Fig. 

5.1 B) and indicating a rather high understanding and knowledge of the content presented.    

Although PCA helped to estimate degrees of the quality of the written assignments based on the 

SOLO-levels it could not separate the works based on their achieved grades. In Fig. 5.1 B, the colors of 

the circles represent the grades each group received for their assignment. From the analysis it was clear 

that achieving the highest grade (A, yellow circles) assumed the ability to present facts, relate them and 

analyze them further to generate e.g. hypotheses, questions or models. This ability should be correlated 

to a high frequency of SOLO-levels 4 and 5 and positive PC1-values at the units investigated and as seen 

for the groups 4, 6 and 7 in the PCA (Fig. 5.1 B). The distinction of quality levels at a grade levels B and 

C (Fig. 5.1 B: red and blue circles) appears much more complex, as high frequency of low SOLO-levels 

in the sentence unit might be compensated by high frequency of high SOLO-levels in the 

paragraph/article unit (Tab. 5.2), however to which degree and based and what factors this 

compensation was influenced by, could not be determined by the analysis presented. 

Complementary Analysis of the quality of the student’s performance based on 
text structure of the written assignment 

In order to estimate the range of complexities the different articles were first ranked based on the 

average number of connections within a paragraph and the total number of connections between 

paragraphs (Tab. 5.3). 

 

Tab. 5.3: Overview over the 

number of connections 

within and between 

paragraphs and the 

assigned ranks for each 

written assignment as a 

result from the text structure 

analysis.  

 

Based on this ranking 4 sub-groups were defined: (a) rank 3, (b) rank 3.5 – 5.5, (c) rank 6 – 6.5 

and (d) rank above 6.5. From the models representing each sub-group (Fig. 5.2) it was visible that the 

higher the rank, the more connections could be observed in the text. According to the analysis the text 

structure in group (a) was characterized by paragraphs with low numbers of sentences where only ca. 

50 % showed connections, usually to only one or two other sentences (Fig. 5.2, a). Besides the fact that 

not all paragraphs in a group (a)-text were inter-connected, it appeared typical that connections were 

made only to the following paragraph. The text structure in group (b) typically contained more sentences 

which showed between 1 to 4/5 connections to other sentences in the same paragraph (Fig. 5.2, b). 

Even though paragraphs showed inter-connections across the whole article, evidence for two separated, 

rather disconnected text units could be taken from the text-network models (Fig. 5.2, b). The text 

structures in the groups (c) and (d) were characterized by an increasing number of connections (ranging 

from 1 to 9) between sentences in each paragraph (Fig. 5.2, c and d; Supplemental Fig. 1). The text-
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network models for some texts in group (c) but all texts in group (d) showed that almost each paragraph 

contained one sentence which could be categorized as major hub, meaning a sentence that acts as a 

central point with often more than 3 connections and thereby most likely being important for the 

function of the respective paragraph. Unfortunately, the network models could not indicate if these hubs 

were even the nodes that inter-connected the paragraphs with each other.  

 

Fig. 5.2: Overview of representative 

text network models for each of the 

four identified sub-groups: (a) rank 

3, (b) rank 3.5 – 5.5, (c) rank 6 – 6.5 

and (d) rank above 6.5. In the figure, 

the small letters indicate the sub-

categories while the numbers in 

brackets indicate the group-ID. The 

colors of the filled circles represent 

the number of connections the 

respective sentence shows within a 

paragraph. In addition to red circles 

surrounding the sentences of each 

paragraph, red lines between them 

indicate an inter-paragraph 

connection. 

When comparing the assigned ranks with the grades each group achieved (Tab. 5.3) it could be 

observed that the groups with the higher ranks, meaning higher complexity, achieved the also higher 

grades (Tab. 5.3, group 1, 4, 7 and 11) and that written assignments ranked to intermediate complexity 

were also graded with intermediate grades (Tab. 5.3, group 2, 9, 10). Surprisingly, the two written 

assignments which ranked the lowest (Tab. 5.3, group 5, 6), still received the two highest grades (B and 

A) according to the grading system used. As a consequence it was required to analyze the correlation 

between the results of the different analyses conducted in this study to assess quality of written 

assignments. 

 

Analysis of the student’s epistemic beliefs with respect to biology 
As the estimation of the overall epistemic belief of each student was based on 37 statements, the 

survey result from the whole class of 20 students was a multidimensional dataset consisting of 20 x 37 

dimensions. Using PCA dimensionality was minimized and results were easier visualized. First, each of 

the 37 statements were assigned into 7 categories for the respective epistemic sub-constructs which 

resulted in 7 sub-datasets with each 20 x 4, 5 or 7 dimensions. PCA on each sub-dataset resulted in basic 

models for each sub-construct. The resulting basic models were used to calculate a PCA-score 

representing each student’s position regarding a given sub-construct. Thereby it could be observed that 

a high PCA score correlated with a more naïve view related to the sub-constructs success, certainty, 

justification and source but a rather sophisticated view on knowledge development. Furthermore 

indicated a high PCA-score a view that knowledge acquisition takes time and that knowledge is more 
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complex. As further analysis was based on the PCA-scores for the sub-constructs, dimensionality of the 

original dataset was reduced to 20 x 7 dimensions. By conducting a further PCA on the now lower 

dimensional dataset a basic model was generated which showed the general impact of each sub-

construct on the overall epistemic beliefs in the student population (Fig.5.3 A). In this basic model PC 

1 alone could only explain 27 % of the variation while together with PC 2 50 % of the total variation in 

the dataset could be explained. From this model it could be assumed that a negative PC1-value indicates 

a more sophisticated view on the justification of knowledge as well as the belief that knowledge is 

complex and its acquisition may take time. In contrast a positive PC1-value in combination with a 

positive PC2 value might indicate a high dependency on authorities and the belief that success in 

learning cannot be influence, while a positive PC1-value in combination with a negative PC2-value 

indicates a more sophisticated view on certainty and development of knowledge. 

Applying this basic model, the loadings for PC 1 and 2 for each student were calculated and the 

mean-values for each group of students were plotted in Fig.5.3 B. Based on the results shown in Fig.5.3 

A and B it could be assumed that the overall epistemic beliefs of group 1 and 4 were dominated by a 

more sophisticated view on justification of knowledge. The overall epistemic beliefs of the groups 6, 7, 

10 and 11 seemed more dominated by their student’s more sophisticated beliefs on certainty and 

development of knowledge. While the overall epistemic beliefs of the groups 2 and 9 were likely to be 

dominated by their student’s beliefs that success in learning is hard to be influenced and knowledge 

comes from authorities; are the beliefs of the groups 3 and 5 more determined by beliefs on speed of 

knowledge acquisition and simplicity of knowledge. From the model it has to be assumed that the larger 

the distance from the coordinate origin, the more pronounced the respective belief is developed and 

impacting the overall epistemic belief. 

Even though this analysis gives an overall impression on the epistemic beliefs of each group, it 

does not give information on how much the beliefs of the students within a group overlap. However, 

during group tasks is it easy to observe that students often contribute unequally to the different steps 

when approaching the task. To analyze in the end if the overall epistemic belief of a group determines 

the quality of the result of a group task it is required to understand how homogeneous the group 

composition is with regards to the student’s epistemic beliefs. 



P a g e  | 21 

 

 

Fig. 5.3: Principle Component 

Analysis using data derived 

from a survey study on the 

average epistemic beliefs of each 

participating pair of students. 

A: Basic model representing the 

7 domains that together form the 

epistemic belief. The data used 

derived from the student 

population participating in this 

study. B: Projection of each 

group with respect to the overall 

epistemic belief shows which 

factor mainly influences the 

belief of the group. 

 

 

In order to estimate the homogeneity of the group composition regarding their student’s 

epistemic beliefs the previously calculated loadings for PC 1 and 2 were visualized separately for each 

student (Fig. 5.4, plot).  As seen in Fig. 5.4, none of the groups studied was a 100 % homogeneous 

group of students and among the groups formed, different degrees of heterogeneity could be observed 

with e.g. group 11 being very heterogeneous and group 4 being rather homogeneous. To further estimate 

the degree of heterogeneity within each group the distance was calculated between the PC1/2-

coordinates of the respective two students and visualized on a scale from 0 to 100 % (Fig. 5.4, lower 

panel). From this analysis the 9 pairs of students can be divided into heterogeneity degree less than 25 

% (group 4), 25 - 50 % (groups 5, 6, 7), 50 -75 % (groups 3, 2) and more than 75 % (groups 1, 10, 9 and 

11) (Fig. 5.4, lower panel).  

In Fig. 5.4 (lower panel) each group number is enclosed by a colored circle which indicates the 

final grade the group received for their written assignment. Based on this information it can be 

concluded that working in groups with less than 50 % heterogeneity is a requirement for getting high 

grades when conducting written assignments. The same information about the grade was included in 

Fig. 5.3 B, where none of the PCs could separate the groups according to the received grade. This shows 

that in the student population investigated the impact of the overall epistemic belief of a group did not 

determine the grade, however the highest grades were achieved by groups with a more homogeneous 

composition of the epistemic beliefs of the group members. 
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Fig. 5.4: Upper panel: Principle Component Analysis using data derived from a survey study on 

the epistemic beliefs of each participating students, where the color of each dot indicates the group, 

the student belonged to. Lower panel: Estimation of heterogeneity of the participating groups 

(represented by circles) with respect to their epistemic beliefs as a measure of the distance between 

the PC 1/ 2-coordinates of the group members. The color of the circle indicate the grading the written 

assignment received according to the curricular scoring system (Bloom’s taxonomy): yellow: A, 

red: B, blue: C.  

 

Comparative analysis of the quality levels assigned by using Bloom’s taxonomy, 
the SOLO-taxonomy and the complementary text-structure analysis 

In the preceding quality assessments using Bloom’s taxonomy, the SOLO-taxonomy and the 

complementary analysis of text structures within each article, it became clear that the quality estimates 

partially differed in their results from the grades the written assignment received based on the high 

school grading system. To further evaluate to which extend the outcomes of the different analyses 

overlap, a correlation analysis was performed using linear regression and Pearson correlation. 

 As visible in Fig. 5.5 A, no correlation could be observed between the average epistemic belief 

of a group and the perceived grade for the groups written assignments. This strengthened the conclusion 

from the PCA, where the principle components could not separate the groups of students based on the 

grades perceived for the written assignment (Fig. 5.4, upper panel). However, linear regression and 

Pearson correlation analysis indicated a stronger negative correlation between the heterogeneity of the 

epistemic beliefs within a group and the grades perceived for the work handed in (Fig. 5.5, B; Tab. 

5.6). In general it can therefore be concluded that the heterogeneity of the epistemic beliefs among the 

students within a group has a stronger impact on the quality of the written assignments than the actual 

main emphasis of the epistemic belief of each group member. 
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Tab. 5.6: Overview over results derived 

from the correlation analysis.  

 

 

With respect to the quality assessment of the different written assignment using the SOLO-

taxonomy and the text structure networks it could be observed that both types of analyses showed a 

positive correlation to the respective grades perceived (Fig. 5.5 C and D; Tab. 5.6), with the SOLO-

taxonomy results showing the highest correlation coefficient in relation to the received grades (p = 0.6, 

Tab. 5.6). In general this gave confidence for the validity of the applied methods as tools for quality 

assessment. Even though it was obvious that the assignments using the SOLO-taxonomy appeared to 

better resemble the criteria for setting the grades as visible by the stronger higher regression and 

correlation (Fig 5 D, Tab 5.6) it became obvious that assignment of quality levels or ranks using neither 

of the methods resulted in 100 % overlap with the grading of the articles based on the school knowledge 

requirements.     

 

Fig. 5.5: Comparative analysis of the impact of the group’s overall epistemic belief (A) and its heterogeneity 

(B) on the quality levels assigned to the written essays using Bloom’s taxonomy. Comparative analysis of the 

quality levels assigned to the written essays by using Bloom’s taxonomy (grades), the SOLO-taxonomy (C) 

and text-structure analysis (D).  
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6. Discussion and conclusion 

The study presented here aimed to estimate the differences in the assigned quality levels that can 

be observed when assessing a written assignment using different assessment method. In addition the 

study also describes an analysis of the relation of the epistemic beliefs and assessment outcome. In the 

following the results will be discussed in relation to the questions stated and prior knowledge in the 

respective field. 

Constructivist teaching can result in intermediate to high quality learning 
outcomes. 

From the data presented it can be concluded that independent of the assessment method the 

conduction of a constructivist teaching design implementing the principles of constructive alignment 

may lead to learning outcomes at intermediate and to a larger extent higher complexity and quality levels 

(Tab. 5.1, Fig. 5.1 and Tab. 5.3). Even though this study did not consists of a statistically significant test 

for the teaching method itself against an alternative teaching approach the assessment results still 

strengthen the prior assumption that such a teaching design would encourage students to pursue a 

learning approach which includes a deeper processing of information and development of a more 

complex conceptual understanding (Lucander et al. 2010; Hattie 2012; Gordon 2009).  

Starting point for this analysis were the quality assignments 10 different student essays perceived. 

The quality assessment was based on a scoring system which evaluated different qualities of the abilities 

to memorize facts, show understanding of a content or analyze a content respectively as summarized in 

Tab. 5.1. From the results it can be assumed, that the students were at least at learning stage of 

understanding even though the majority (at the B and A level) seemed to even have adopted a learning 

approach which was characterized by analysis and reasoning. However, with regard to the teaching 

design (i.e. separation of two major parts) and the scoring matrix used for assessment it can be argued 

that focus of the assessment of the written assignments was rather on understanding and analysis than 

knowledge of facts, as this was already tested earlier at the end of part A. To confirm that the majority 

of the students adopted a deeper processing of information a second quality assessment was conducted 

using the SOLO-taxonomy.  

60 % of the written assignments show increasing complexity in conceptual 
understanding.   

When assessing the written assignments using the SOLO-taxonomy ~60 % of them showed higher 

complexity levels indicating that also from this analysis it can be concluded that most groups adopted a 

deeper approach to collecting and evaluating information and presenting a development of complex 

knowledge. However this results depended partially on the smallest unit analyzed (sentence or 

paragraph Fig. 5.1). Surprisingly only two groups showed in their performance a high level of complexity 

already at the sentence level, of which one group (10) surprisingly did perceive the grade C. The essays 

of the two other groups that perceived grade C (9 and 2) were also based on the SOLO-taxonomy 

assigned to lower complexity, indicating a consensus between the assessment methods. Furthermore, 

no clear distinction could be made between written assignments that received a B or A, when using the 

SOLO-taxonomy. This might be due to the fact that both SOLO-levels 4 and 5 may be represented by 

grade A, despite that there is no clear equivalent SOLO-level for grade B as this is not even 

unambiguously defined in the scoring matrix (compare Fig. 3.1 and Supplemental table 1). In addition 

even an essay on the overall observed SOLO-level 4/5 with respect to the paragraph may contain 

sentences at the SOLO-level 4/5 as could be seen from Tab. 5.2. The frequency and distribution of the 

SOLO-levels 4/5 might therefore be a main factor to distinguish between B- and A-grade essays with the 

means of the SOLO-taxonomy. This, however, would require a much more precise basic PCA model for 

the SOLO-levels which comprises a greater number of samples as well as distinguishes between the 

single SOLO-levels instead of the combinations as used in this study.    
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Assessment of the text structure ranks 50 % of the written assignments 
according to their grades 

A complementary method to assess quality of learning outcomes was based on the assumption 

that in order to present complex understanding it is required to make connections within the text 

structure. Even though this assumption is more connected to a writing style and the ability to present 

knowledge using language it was still based on the defined connections between sentences or paragraphs 

as conducted in the SOLO-analysis. Therefore it has to be assumed that the text structure analysis is 

dependent on the SOLO-level classification and is therefore seen as complementary. The method of text 

structure analysis was based on visualization of networks representing the underlying structures of the 

articles, a method used in different areas of sciences to uncover relations or deduce concepts for the 

meaning of the involved nods (e.g. gene expression analysis). In this study visualization revealed that 

almost all groups used so-called major hubs in at least two of their paragraphs (Fig. 5.2 and 

Supplemental Fig. 1). Unfortunately, the method how it was applied lacked the information if the major 

hubs are even the hubs for connecting paragraphs. In addition, the range for the ranking actually 

remains unclear as there was no article included that showed either 0 or 100 % connections and as a 

consequence from that it needs to be tested how relevant the identified groups are in terms of meaning 

for quality assessment. Despite that the method ranked 50 % of the written assignments according to 

the grades perceived. Surprisingly again, essay 10 got a rank adjacent to intermediate complexity area 

and not at the lower end as expected from the respective grade. Two essays which had received rather 

high grades (B and A) obtained the lowest rank. This might be due to the fact that the ranking was only 

based on connections while not taking any information on the quality of the connection into account. 

Those two essays might have contained only few connections but supplying information showing high 

complexity in their understanding for the subject. With respect to that it appears necessary to improve 

the method and include a qualitative aspect in the analysis.  

High variation in the distinction between quality levels  
 Based on the assessment of quality levels (or ranks) of the different written assignments it can be 

stated that even though higher quality levels are assigned using the SOLO-taxonomy and the 

complementary text-structure analysis they are not separating the samples (essays) according to the 

grades assigned using the curriculum-based scoring matrix. However, quality assignment results 

derived from analysis using SOLO-taxonomy show a slight correlation with grading (Fig. 5.5). Despite 

that, as especially a distinction between samples at the level of grade A and B could not be reliably 

reproduced, it is questionable if e.g. the SOLO-taxonomy would be a useful tool in a school environment. 

In addition it can be discussed, that even though the SOLO-taxonomy offers a much clearer distinction 

between the different complexity levels, it is a very time consuming assessment method which would 

make it rather a burden in a school context. Finally it needs to be pointed out, that the scoring matrix 

used assess student performance not only on the basis of the written assignment but also aspects of 

learning activities on the way toward the final essay (e.g. stating a question, using models for 

visualization; Supplementary Tab. 1). These aspect were not included in the quality assessment using 

the SOLO-taxonomy, even though they might account for the discrepancies.  

Taken together it can be concluded, that in contrast to the hypothesis the methods finally used 

could not reliably distinguish the samples according to their assigned grade at higher quality levels 

(grade B and A). However, all three methods could to a larger extend identify essays on a lower 

complexity/ quality level. 

The basic PCA-model partially visualizes linkage between epistemic dimensions 
In this study the impact of the epistemic belief of student groups was analyzed using a survey 

study and a statistical analysis of the respective answers. As visible in Fig. 5.3 A, represents the basic 

model generated from the data partially the prior knowledge to correlations between different 

dimension as described in Kampa et al. (2016), such as (I) the linkage between certainty and 

development which together refer to the nature of knowledge; (II) the linkage between simplicity and 
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speed which together refer to the self-concept of the students. In contrast, a clear connection between 

the dimension of justification and source – a reflection of the belief about the nature of knowing – could 

not be observed. This might be due to the limited number of students, whose questionnaire results 

provided the basis for the basic models generated and applied in this study. 

PCA reveals partially prediction of performance levels in the relation to the 
linked epistemic dimensions 

When applying the basic model to visualize the epistemic beliefs of the pairs of students it 

appeared that they would separate into four different groups based on their view on the nature of 

knowledge, nature of knowing, their self-concept with respect to competence and autonomy (Fig. 5.3 B). 

Even though this is rather speculative and needs further verification within a test group of larger sample 

size, those groups might be related to the ones Kampa et al. (2016) observed in her studies. It remains 

however interesting that the pair of students with a stronger belief in that success in learning is hard to 

be influenced and knowledge comes from authorities (2, 9) received the lowest grades (grade C) for their 

written assignment, this might be due a lower motivation, which could have been impaired by a sense 

of not being able to influence the outcome.  

 

In contrast received the pair of students showing a more sophisticated view on speed of knowledge 

acquisition and complexity of knowledge (e.g. 3, 5) a higher grade (grade B), which might be related to 

a higher motivation inherent with a more sophisticated sense for their own competence and the nature 

of knowledge. Most interestingly, all pairs of students with highest grade (A) on the written assignments 

grouped with respect to a more sophisticated view on the nature of knowing or knowledge in general. It 

can be assumed that these students as they have a much more sophisticated view on knowledge and 

knowledge generation in biology, are more open for broader perspective on meaning of information and 

information processing as a means toward generating knowledge.  

Unexpectedly, the group 10 (grade C) fell into the latter group, which on the one hand side could 

be a sign for an “outlier or mistake” as according to the model this group would be predicted to receive 

at least a B, or even an A for the essay. On the other hand side, the quality assessment of the written 

assignment based on the SOLO-taxonomy and the sole text structure also indicated that the quality is 

higher as assigned using the curriculum-based scoring matrix. For this sample it would be required to 

go back to the original data to estimate if factors outside of the SOLO-taxonomy, could have had a higher 

impact on the final grade.  

From the small population analyzed it can be concluded that a more sophisticated view on the 

nature of knowledge and knowledge in general is required to activate higher complexity learning leading 

to a much more developed conceptual understanding. Despite that, this conclusion also allows for 

speculation, that student which possess a more self-concept centered epistemic view might not 

appreciate a teaching design solely based on constructivist teaching approaches. As a consequence to 

this assumption teachers should be recommended to estimate the epistemic beliefs of their students as 

an additional piece of prior information to take into account when designing teaching approaches.  

Degree of heterogeneity in a group’s epistemic belief influences performance 
levels 

With respect to the given task of writing a popular science article in pairs of students, it was 

necessary to divide the students into groups. For this a common strategy was followed which was based 

on prior observed performance levels of each students. By this groups with a rather large variation in 

the heterogeneity with respect to the groups epistemic beliefs were created (see Fig. 5.4). From the 

correlation analysis shown in Fig. 5.5 it can be concluded that the heterogeneity of a group negatively 

correlates with the assigned grade. This, however is not a strong correlation (not useful for predictions 
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of grades) and it might be explained with the nature of working in groups in a school environment. If 

one looks at two different examples: (I) group 4 represents a group with a high homogeneity-level in 

their epistemic beliefs. But not only the students beliefs overlap very strongly, they also share the same 

more sophisticated view on the nature of knowing, which appear to be a good prerequisite for a high 

grade and indeed this group received an A for the written assignment. (II) Group 11 represents the group 

with the highest heterogeneity in their epistemic belief in the test population, still the group receives a 

rather high grade (B) for the written assignment. It can be speculated that one member in the group was 

taking control and thereby stirring the direction of the outcome to a higher grade. The same assumption 

that there was an unequal contribution to the impact on the written assignment by the two group 

members, can be made for group 2, 9 and 10. However, this would require further investigations.  

In general from the analysis of heterogeneity of the epistemic beliefs in the student group 

investigated it can be concluded, that groups consisting of members sharing the same more 

sophisticated epistemic belief tend to get better results (A or B). This does not mean the heterogenic 

groups have no chances to reach higher grades, as it could be assumed that in such groups often one 

member takes over the lead and thereby mainly influence the outcome of the work. The outcome of this 

influence might then again be correlated to the epistemic belief, as speculated for group 2 and 11. Finally, 

based on the small dataset analyzed it can therefore be concluded that the average epistemic beliefs of a 

pair of students is correlated with the assigned quality level the group perceives for their written 

assignment. 

Concluding remarks 
In summary this study showed that constructivist teaching as presented her can create options 

for students to adopt learning approaches to reach high quality learning outcomes and by this increase 

the complexity of their knowledge and understanding for a given topic in biology. 

The different assessment methods applied where all suitable to distinguish higher from lower 

complexity or quality levels at grade C. However, both SOLO-taxonomy and the related text structure 

analysis could not clearly distinguish the more sophisticated differences between the higher grading 

level A and B. As this might be partly due to the way the methods were applied, it was argued that a 

modification and optimization of the methods would be required in order to draw further conclusions.  

Within this study evidence could be collected that (I) a more sophisticated belief on the nature of 

knowledge and knowing and (II) the heterogeneity of a student group with respect to the epistemic belief 

seems to be linked to an activation of higher complexity learning approaches leading to the achievement 

of higher quality learning outcomes (grades A and B). In this context it was speculated that a constructive 

teaching approach might not fit all students or student groups per se, and that teachers should be 

encouraged to estimate the epistemic beliefs of their students as valuable prior information during 

construction and development of teaching approaches. However, due to the required expertise and time 

for such an analysis, it’s applicability in a school environment can be questioned. 
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Supplemental material 

 

Supplemental Tab. 1: Rubrics (analytical scoring matrix) for the quality assessment of the student’s 

performance during th course Biologi 2, Immunology. The generation of the rubrics is based on the adapted 

Bloom’s taxonomy of kognitiv levels and learning (Wikström 2013; Skolverket 2011; Jönsson 2013). 
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Supplemental Tab. 2: Survey statements to estimate the epistemic belief of a student towards biology as an 

overall construct of 7 sub-constructs. Each statement addresses one specific sub-construct (see Tab. 4.2). The 

interviewee agrees or disagrees with the statement on a continuous scale from 1 to 5. 
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Supplemental Fig. 1: Overview of text network models for each of the four identified sub-categories: (a) 6, (b) 2 and 9, (c) 

1 and 11; and (d) 7. In the figure, the small letters indicate the sub-categories while the numbers in brackets indicate the 

group of students. The colors of the filled circles represent the number of connections the respective sentence shows within 

a paragraph. In addition to red circles surrounding the sentences of each paragraph, red lines between them indicate an 

inter-paragraph connection.  
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