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ABSTRACT 

Lämsä, Joni 
Developing the temporal analysis for computer-supported collaborative learning 
in the context of scaffolded inquiry 
Jyväskylä: University of Jyväskylä, 2020, 71 p. 
(JYU Dissertations 
ISSN 2489-9003; 245) 
ISBN 978-951-39-8248-5 (PDF) 
 
Computer-supported collaborative learning (CSCL) frequently takes the form of 
inquiry-based learning (IBL) in science education. To achieve the benefits of com-
puter-supported collaborative inquiry-based learning (CSCIL), various scaffolds 
have been studied from the perspective of what (not how) learning occurs and 
what (not how) differences emerge between the scaffolded and non-scaffolded 
conditions. To better address the how questions, my theoretical aim was to de-
velop a temporal analysis procedure for CSCL. Based on a systematic literature 
review of 78 journal papers, I defined six key operations for the analysis of 
CSCL’s temporal aspects: proposing research aims regarding the temporal as-
pects, setting up the context, collecting process data, conceptualising events, con-
ducting temporal analysis methods and interpreting the outcomes. A study of 
how the included papers performed these operations showed how the research-
ers implicitly conceptualised the temporal aspects of CSCL when focusing on the 
characteristics of or interrelations between events over time. 

My methodological aim was to advance temporal analysis methods to 
study CSCIL. My empirical aim was to design scaffolds and analyse their role in 
CSCIL by employing the key operations and advanced methods when groups 
used a numerical problem-solving tool (Python program) to inquire in under-
graduate physics courses. To study how CSCIL occurs, I used video data and vis-
ualised the transitions between the IBL phases (i.e. IBL sequences) and groups’ 
ways of using the Python program for inquiry over time (two groups, n = 10). 
The identified challenges and productive practices guided the scaffold design. To 
study how differences emerge between the conditions (46 groups, N = 231), I per-
formed temporal log data analysis (TLDA) and temporal lag sequential analysis 
(TLSA). Temporal distinctions in how the groups used the Python program be-
tween the conditions (captured by TLDA) were associated with the differences 
in the content and temporal emergence of IBL sequence clusters between the con-
ditions (captured by TLSA of video data). This dissertation demonstrates how 
temporal analysis may advance our understanding of the premises for successful 
learning and benefit the design and implementation of scaffolds. 

 
Keywords: computer-supported collaborative learning, inquiry-based learning, 
scaffolding, temporal analysis



 

TIIVISTELMÄ (ABSTRACT IN FINNISH) 

Lämsä, Joni 
Teknologiatuettu yhteisöllinen tutkiva oppiminen: ajallisen tarkastelun 
näkökulma 
Jyväskylä: Jyväskylän yliopisto, 2020, 71 s. 
(JYU Dissertations 
ISSN 2489-9003; 245) 
ISBN 978-951-39-8248-5 (PDF) 
 
Luonnontieteiden opetuksessa on hyödynnetty pitkään tietokoneavusteista yhteisöllistä 
tutkivaa oppimista (eng. computer-supported collaborative inquiry-based learning, 
CSCIL), jota varten on kehitetty erilaisia tukimuotoja. Tutkimus on tyypillisesti keskit-
tynyt siihen, mitä oppimistuloksia saavutetaan tiettyä tukimuotoa käytettäessä. Vähem-
mälle huomiolle on jäänyt, miten oppiminen tapahtuu ja miten erot tuettujen ja ei-tuettu-
jen ryhmien välille syntyvät. Tutkimukseni tavoitteena oli vastata tähän haasteeseen ja 
tuottaa uutta tietoa siitä, miten CSCIL:ää voidaan tarkastella ajallisesti. Määritin 78 ar-
tikkelia sisältävän systemaattisen kirjallisuuskatsauksen perusteella menettelytavan tie-
tokoneavusteisen yhteisöllisen oppimisen ajalliseen tarkasteluun. Menettelytapa sisälsi 
kuusi avainoperaatiota: 1) ajallisiin näkökulmiin keskittyvien tutkimuskysymysten 
muotoileminen, 2) tutkimuksen kontekstin määrittäminen, 3) prosessiaineiston kerää-
minen, 4) tapahtumien käsitteellistäminen, 5) ajallisten analyysimenetelmien toteuttami-
nen ja 6) tulosten tulkitseminen. 

Metodologinen tavoitteeni oli sellaisten uusien ajallisten analyysimenetelmien ke-
hittäminen, joiden avulla erityisesti CSCIL:ää voidaan tarkastella. Lisäksi tavoitteenani 
oli tukimuotojen suunnittelu ja niiden roolien tarkastelu CSCIL:ssä hyödyntämällä mää-
rittelemiäni avainoperaatioita ja kehittämiäni menetelmiä. Tarkastelin yliopistofysiikan 
peruskursseilla opiskelijaryhmiä, jotka käyttivät Python-ohjelmaa tutkivan oppimisen 
ongelman ratkaisemiseen. Tutkin videoaineistosta CSCIL:ää visualisoimalla ryhmien 
tutkivan oppimisen ketjuja (eli siirtymiä tutkivan oppimisen vaiheiden välillä) ja tapoja 
hyödyntää Python-ohjelmaa ajan edetessä (kaksi ryhmää, n = 10). Ryhmissä ilmennei-
den haasteiden perusteella suunnittelin ja lisäsin ryhmille tukimuotoja teknologiseen 
oppimisympäristöön. Seuraavaksi tarkastelin, miten erot tuettujen ja ei-tuettujen ryh-
mien välille syntyivät ajan edetessä (46 ryhmää, N = 231). Analysoin oppimisympäris-
töön kertyvän lokiaineiston avulla eroja Python-ohjelman hyödyntämisessä tuettujen ja 
ei-tuettujen ryhmien välillä. Videoaineiston perusteella nämä erot olivat yhteydessä tut-
kivan oppimisen ketjuryppäiden sisältöön ja siihen, missä vaiheessa oppimisprosessia 
nämä ryppäät keskimäärin ilmenivät. Tutkimukseni mukaan täydentämällä kasvatus-
tieteissä vakiintunutta muuttujiin ja niiden vaihteluun perustuvaa tilastollista päättelyä 
(mitä opitaan) oppimisen ajallisella tarkastelulla (miten opitaan) voimme ymmärtää pa-
remmin hyvän oppimisen ja sen oikea-aikaisen tukemisen lähtökohtia. 
 
Asiasanat: ajallinen tarkastelu, oppimisen tukeminen, teknologiatuettu oppiminen, 
tietokoneavusteinen oppiminen, tutkiva oppiminen, yhteisöllinen oppiminen
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to its final form. 
  



 

1 INTRODUCTION 

The learning and teaching of natural sciences in universities are facing challenges. 
On the one hand, we increasingly need people with an in-depth knowledge of 
natural sciences and versatile problem-solving skills who can provide solutions 
to complex problems such as climate change. On the other hand, natural sciences 
are not on the top of the lists from which the youth choose their disciplines. Even 
more worrying, however, are the poor retention and high dropout rates amongst 
those people who start studying natural sciences (Education Statistics Finland, 
2020; van den Hurk et al., 2019). To address the challenges of the retention and 
dropout rates, novel learning and teaching approaches are needed. At the Uni-
versity of Jyväskylä, we have developed and implemented the primetime learn-
ing model in basic-level physics courses since autumn 2016 (sub-study II). 

The primetime learning model comprises the principles, practice, problem-
solving and primetime phases; thus, there are neither lectures nor end-of-course 
exams in the courses. At the beginning of the courses, the students are divided 
into groups of 4–6 students. Each week of the courses starts with the principles 
phase, in which the students self-study the selected physics principles for the 
week in a technological learning environment. Next, in the practice phase, the 
groups schedule time and a place, and they collaboratively solve problems face-
to-face in the technological learning environment with a shared laptop computer; 
there is no teacher. In the problem-solving phase, each student solves full-scale 
quantitative physics problems so that they can collaborate with their peers or ask 
for help from a teacher. Each week ends with the primetime phase, in which one 
group and the teacher meet to discuss the challenges faced by the group (see 
more details in sub-study II). The needed teaching resources are comparable with 
the ‘traditional’ lecture-driven approaches; however, the resources are used in 
the intimate primetime meetings between a teacher and group of students to en-
hance academic and social integration (Tinto, 1975; see also Ulriksen et al., 2010; 
van der Zanden et al., 2018). Overall, the primetime learning model seems to be 
a promising approach because our findings indicate that the model may increase 
students’ retention rates, decrease dropout rates and maintain good learning out-
comes (sub-study II). 
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This dissertation integrates the research-based development of the prime-
time learning model, particularly its practice phase. The practice phase aims to 
improve students’ conceptual knowledge – that is, to enhance their ability to cap-
ture relationships amongst concepts, principles and procedures (de Jong, 2019). 
To achieve these aims, students are given different technological resources for 
solving inquiry problems. Computer-supported collaborative inquiry-based 
learning (CSCIL) is a technologically facilitated and mediated negotiation pro-
cess amongst individuals (Tan, 2018), in which problems are solved following the 
practices of scientists (Pedaste et al., 2015). Although CSCIL has been imple-
mented since a long time (e.g. Lipponen & Hakkarainen, 1997; Suthers et al., 
1997), it remains a potential and popular way to enhance the knowledge and pro-
cesses beneficial for modern natural scientists (Jeong et al., 2019). 

To achieve the advantages of CSCIL, however, researchers widely agree 
that students need guidance (Alfieri et al., 2011; Bell et al., 2010; de Jong & La-
zonder, 2014). In the practice phase of the primetime learning model, guidance 
for CSCIL can be provided in the form of scaffolds implemented into the techno-
logical learning environment (see e.g. Kim & Hannafin, 2011; Quintana et al., 
2004) because a teacher is not present. Researchers have examined the various 
scaffolds for CSCIL from the viewpoint of what learning occurs (see comprehen-
sive review in Zacharia et al., 2015) and what differences emerge amongst the 
scaffolded conditions (e.g. Fang et al., 2016; Kollar et al., 2007) or between the 
scaffolded and non-scaffolded conditions (e.g. Gijlers et al., 2009; Raes et al., 2012). 
Although such studies are needed, they could be complemented by investigating 
how learning occurs and how differences emerge amongst the different conditions 
(see Stahl, 2017). By addressing these how questions, we might be able to design, 
test, refine and re-implement scaffolds to further enhance CSCIL. 

In computer-supported collaborative learning (CSCL) research, temporal 
analysis is considered a promising approach to address these types of how ques-
tions (Ludvigsen et al., 2018). The temporal analysis of CSCL has gained growing 
interest, expectations and even hype, but the current studies are partly incompa-
rable and incommensurable owing to the lack of established practices for analys-
ing the temporal aspects of CSCL (Knight et al., 2017; Molenaar, 2014). Moreover, 
few studies have investigated the temporal aspects of CSCIL regardless of the 
popularity of inquiry-based learning (IBL) in CSCL settings (some exceptions are 
Chiang et al., 2014; Wang et al., 2014). Even less attention has been paid to the 
temporal aspects of scaffolded CSCIL, although the need for scaffolding has gen-
erally been acknowledged. 

In this dissertation, I aim to develop the temporal analysis for CSCL in the 
context of scaffolded inquiry. My theoretical aim is to develop a temporal analy-
sis procedure for CSCL that includes key operations for analysing its temporal 
aspects (sub-study I). My methodological aim is to advance temporal analysis 
methods to study CSCIL (sub-studies III and IV) so that groups’ CSCIL processes 
in the practice phase of the primetime learning model can be better understood 
(sub-study II). My empirical aim is to design scaffolds and analyse their role in 
CSCIL in the practice phase of the primetime learning model by employing the 
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temporal analysis procedure and advanced methods. First, to design scaffolds, I 
studied how CSCIL occurs in the practice phase (sub-study III). Second, to analyse 
the role of the designed scaffolds in the CSCIL processes, I studied how differ-
ences emerge between the scaffolded and non-scaffolded conditions (sub-study 
IV). Thus, the outcomes of my study can be used to further develop the prime-
time learning model, particularly its practice phase. 

This paper is divided into seven sections. In section 1, I introduced the re-
search. In sections 2 and 3, I provide the theoretical and methodological frame-
works of my study. Section 4 presents the theoretical (section 4.1), methodologi-
cal and empirical aims (section 4.2). In section 5, I address the theoretical aim and 
introduce a temporal analysis procedure for CSCL based on a systematic litera-
ture review. The procedure forms the basis for achieving the methodological and 
empirical aims. In section 6, I address the methodological and empirical aims in 
the practice phase of the primetime learning model. Moreover, I apply the tem-
poral analysis procedure and advance methods for analysing temporal aspects in 
the context of scaffolded CSCIL. In section 6.1, I visualise the temporal aspects of 
CSCIL that form the basis for designing scaffolds for CSCIL. In section 6.2, I con-
duct temporal log data analysis (TLDA) and temporal lag sequential analysis 
(TLSA) to examine the temporal similarities and differences between non-scaf-
folded and scaffolded CSCIL. In section 7, I discuss and reflect on the main out-
comes and implications of my study. In section 8, I offer my conclusions based 
on the study’s findings.



 

2 THEORETICAL FRAMEWORK 

In this section, I present the theoretical framework for this dissertation. I define 
CSCL and cover it from the viewpoint of science education, in which IBL is a 
popular pedagogical approach. After discussing scaffolding CSCIL, I conclude 
the section with an overview of the prevalent lines of CSCL research. 

2.1 Computer-supported collaborative learning (CSCL) 

I define CSCL as a triad structure of collaboration in which technological 
resources support, facilitate and mediate the interaction between two or more 
learners who aim to achieve a learning goal together (Ludvigsen & Steier, 2019, 
p. 415; Stahl et al., 2014a). First, collaborative learning can be seen as a 
compilation of (i) shared learning processes [such as knowledge building 
(Khanlari et al., 2017), constructing group cognition (Stahl, 2017) and knowledge 
construction (Ludvigsen, 2016)] and (ii) shared learning activities [such as 
negotiation of shared meanings (Pea, 1993), elaboration and co-elaboration (Lund, 
2019) and argumentation (Noroozi et al., 2012)] (see Hämäläinen & Vähäsantanen, 
2011). The shared learning processes and activities and working together set 
collaborative learning apart from cooperative learning, in which learners ‘split 
the work’ and ‘solve sub-tasks individually’ (Dillenbourg, 1999, p. 8). Second, 
technological resources create ‘dynamic conditions’ for what happens in 
collaborative learning (Ludvigsen & Steier, 2019, p. 4). However, collaborative 
learning alone in technology-enhanced settings does not automatically produce 
learning; the quality of the shared learning processes and activities affect the 
outcomes of CSCL (Hämäläinen & Vähäsantanen, 2011). One ultimate goal of the 
research on CSCL is to understand these processes and activities (Cress et al., 
2019) and how to design technological resources to successfully support, 
facilitate and mediate the processes and activities (Stahl et al., 2014b). 

Since the development of CSCL in the 1990s, research on it has included a 
range of theories, technologies and methodologies (Stahl et al., 2014a). CSCL has 
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also been implemented in various contexts with a variety of pedagogical ap-
proaches and has been extensively used in science education (Jeong et al., 2019). 
Jeong et al. (2019) noted in their meta-analysis that IBL has been one of the most 
popular pedagogical approaches when CSCL is used in science education and its 
related disciplines. The popularity of IBL is not surprising because formulating 
problems and investigating them, which is at the core of IBL (de Jong, 2019), has 
become increasingly important in today’s society (Ludvigsen & Steier, 2019). In 
this study, collaborative IBL took place in face-to-face interactions without a 
teacher present; thus, the groups solved inquiry problems by jointly building on 
others’ ideas and thoughts in the practice phase of the primetime learning model 
(sub-study II). Technological resources facilitated and mediated the collaborative 
IBL; learning to use technological resources in inquiry was also desirable. The 
optimal group size is a controversial issue (Fu & Hwang, 2018); however, in this 
study, to make the groups adaptable to occasional non-attendance and possible 
dropouts when the groups remained the same throughout the courses, the 
groups had 4–6 students. In this case, the number of groups was manageable with 
the available teaching resources. Next, I briefly relate how I define IBL in CSCL 
settings in this study. 

2.1.1 Computer-supported collaborative inquiry-based learning 

Studies on CSCIL lie between CSCL and IBL. I define and use IBL as a pedagog-
ical approach in which students apply the practices used by scientists for prob-
lem-solving (Keselman, 2003). Accordingly, I examined IBL as a process in which 
students have a scientific question (de Jong, 2019) and engage in the scientific 
practices needed to address the question (Keselman, 2003). These practices in-
clude, for example, familiarising themselves with the topic of the question and 
collecting and interpreting empirical data to answer it (Quintana et al., 2004). 
Various models for IBL have been proposed based on the different structuring of 
these practices (e.g. Bybee et al., 2006; White & Frederiksen, 1998). These models 
have also been synthesised (Bell et al., 2010; Pedaste et al., 2015; Rönnebeck et al., 
2016). In this study, I relied on the IBL cycle and framework developed by Pe-
daste et al. (2015), who divided the essential aspects of IBL into five general 
phases. 

In the framework developed by Pedaste et al. (2015), the first IBL phase is 
orientation, in which students familiarise themselves with both the given assign-
ment, including its main variables, and the available learning resources (such as 
technologies). The second IBL phase is conceptualisation, which is divided into 
two sub-phases: first, students can propose research questions; and second, they 
can generate hypotheses, which they then begin investigating. The identification 
of dependent and independent variables is crucial in both sub-phases. The third 
IBL phase is investigation, which is divided into three sub-phases: first, students 
can explore the problem by planning the data collection process based on a re-
search question; second, students can experiment by formulating and imple-
menting a plan to test a hypothesis; and third, students can analyse and interpret 
the data. The fourth IBL phase is conclusion, in which students provide solutions 
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to the questions or confirm whether the data support the hypotheses. The fifth 
phase is discussion, which is divided into two sub-phases: first, students may 
communicate their findings and conclusions as well as receive feedback from 
others; and second, students can reflect on their IBL progress throughout the pro-
cess (‘reflection-in-action’) or at the end of the process (‘reflection-on-action’; Pe-
daste et al., 2015, p. 57).  

In this study, I did not expect students to go through a pre-determined path-
way amongst the five general IBL phases. Instead, the IBL progress could be non-
linear: students could move back and forth amongst the different IBL phases. The 
combination of collaborative learning and IBL may facilitate students’ learning 
processes when they externalise their understanding and jointly negotiate how 
to proceed in the different IBL phases (Bell et al., 2010; de Jong, 2019; Gijlers et al., 
2009; Gijlers & de Jong, 2013). Thus, collaborative IBL can be beneficial not only 
for learning science but also for the skills to do science because researching is 
nowadays a joint endeavour (Bell et al., 2010; Jensen & Lawson, 2011; Lin et al., 
2018). Collaborative IBL can be conducted in non-computerised settings (Kaar-
tinen & Kumpulainen, 2002), but technological resources and particular techno-
logical learning environments may support collaborative IBL from the orienta-
tion to the conclusion and discussion phases (Bell et al., 2010; de Jong et al., 2018). 

In the context of CSCIL, Co-Lab (van Joolingen et al., 2005) and web-based 
inquiry science environment (WISE) (Slotta, 2004) are widely used research-
based environments. Such environments can structure and support groups’ 
CSCIL by facilitating both collaboration and inquiry in the different IBL phases. 
For example, in the orientation phase, environments may introduce the topic of 
inquiry that may activate students’ prior knowledge (van Riesen et al., 2018). In 
the conceptualisation phase, environments may include hypothesis scratchpads 
that facilitate the formulation of testable hypotheses (van Joolingen et al., 2005). 
In the investigation phase, environments may include technological resources for 
data collection, analysis and reporting. Moreover, applying technological re-
sources, such as simulations, is typical when students discover phenomena them-
selves. In the conclusion phase, environments may make visible the ideas from 
different sources that can support students in jointly building explanations. In 
the discussion phase, environments can emphasise and foster ‘reflection-in-ac-
tion:’ Co-Lab, for example, is based on synchronous online interaction so that 
students can see and contribute to the inquiry actions of each other and discuss 
them using the chat function (van Joolingen et al., 2005). Idea Manager is an ex-
ample tool of WISE that can be used for sharing own ideas and selecting ideas 
from peers to develop scientifically justified conceptions (Linn et al., 2003; Matuk 
& Linn, 2018). 

In sum, I define CSCIL as a technologically supported, facilitated and me-
diated negotiation process amongst individuals (Tan, 2018), in which the stu-
dents follow the practices of scientists to solve problems (Pedaste et al., 2015). 
This definition of CSCIL is aligned with the work of scientists who collaborate in 
technology-enhanced research settings. Researchers have been studying CSCIL 
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since many years (e.g. Lipponen & Hakkarainen, 1997; Suthers et al., 1997); there-
fore, many benefits and challenges regarding CSCIL have been identified. In-
stead of remembering individual facts, learning to apply scientific concepts and 
methods with the help of technological resources (such as numerical problem-
solving tools; see sub-studies III and IV) is an achievable learning outcome. As a 
challenge of CSCIL, Arnold et al. (2014) noted that students need assistance both 
for procedural knowledge (what and how to do) and for procedural understand-
ing (why to do). For example, how and why to use novel technologies (such as 
the numerical problem-solving tools) in inquiry might not be obvious to students. 
Alfieri et al. (2011) stated that the benefits of IBL are achieved only when IBL is 
assisted. Although collaboration and computer-support can assist IBL (Bell et al., 
2010; Gijlers et al., 2009; Wang et al., 2014), recent studies indicate that additional 
guidance can further enhance IBL in CSCL settings (e.g. Ibáñez & Delgado-Kloos, 
2018; Rau et al., 2017; see also sub-study III). When de Jong and Lazonder (2014) 
provided the typology of guidance, which can be used to enhance IBL (see La-
zonder & Harmsen, 2016), the scaffold was defined as a type of guidance with 
high specificity. In particular, the ‘scaffolds often provide students with the com-
ponents of the process and thus structure the process’ (de Jong & Lazonder, 2014, 
p. 377). 

2.1.2 Scaffolding computer-supported collaborative inquiry-based learning 

In this study, scaffold means assistance provided to solve the problems that are 
challenging to complete with students’ own effort (Wood et al., 1976). This idea 
of scaffolding is close to the concept of the zone of proximal development (Vygot-
sky, 1978) because the scaffolds aim to help students to perform more complex 
tasks than they could without the scaffolds ‘in a way such that they can still learn 
from that experience’ (Quintana et al., 2004, p. 340). Kim and Hannafin (2011) 
characterised the scaffold by its purposes, interactions and source. In this study, 
the purpose of the scaffolds is mainly procedural: they help students in negotiat-
ing, managing and implementing tasks related to the different IBL phases (cf. de 
Jong & Lazonder, 2014). The interaction of the scaffolds is static, which means 
that the scaffolds include fixed and not adaptive guidelines for the students. 
Whereas Wood et al. (1976) talked about a tutor (meaning, e.g. a teacher or more 
capable peer) and learner in the singular form when referring to scaffolding prob-
lem-solving (i.e. one-to-one interaction), in this study, the source of the scaffold 
is a technological learning environment, and peers can help in interpreting and 
adjusting the scaffold to the needs of the group. Quintana et al. (2004) provided 
a scaffolding design framework for inquiry when the source of the scaffold is a 
technology. The framework includes science inquiry components, scaffolding 
guidelines and scaffolding strategies. 

In this framework., the science inquiry components include sense-making, 
process management and articulation and reflection. Regarding sense-making, 
for example, a scaffolding guideline would be to use different representations 
that learners can inspect to reveal the important properties of the underlying data. 
This use of representations can be implemented by enabling learners to inspect 
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multiple views of the same object or data (a scaffolding strategy). Regarding pro-
cess management (cf. the procedural purpose of the scaffold by Kim & Hannafin, 
2011), an example of a scaffolding guideline would be to provide a structure for 
complex tasks and functionality. This structure can be provided by describing 
complex tasks using ordered and unordered task decompositions (a scaffolding 
strategy); for example, the task decomposition can be based on the different IBL 
phases. Regarding articulation and reflection, the scaffolding guideline stresses 
the facilitation of ongoing reflection during the inquiry. This facilitation can be 
enhanced by providing reminders and assistance to promote productive plan-
ning (a scaffolding strategy). 

Overall, by scaffolding IBL in CSCL settings, I aimed to make students 
aware of the (technological) resources, tasks and need to externalise their under-
standing that they might not be fully aware of without scaffolds (Reiser & Tabak, 
2014). An example of the scaffolding of IBL in CSCL settings is writing scaffolds. 
Writing scaffolds can provide procedural assistance to students by instructing 
them to write down how they conduct different tasks of an inquiry problem; 
writing can also externalise students’ understanding (Gijlers et al., 2009; Hmelo-
Silver et al., 2007; Sharma & Hannafin, 2007; see details in sub-study IV). Another 
example is collaboration scripts (Kollar et al., 2007; Mäkitalo-Siegl et al., 2011; 
Raes et al., 2012) that I also consider as scaffolds in this study. The scripts have 
been seen as scaffolds that may facilitate both domain learning and collaboration 
skills (Radkowitsch et al., 2020; Vogel et al., 2017). In CSCIL contexts, the scripts 
can describe the activities based on the tasks of the inquiry problem and each 
student can be given a role based on these activities (Kobbe et al., 2007; see details 
in sub-study IV). 

Regarding the effect of different scaffolds (or more generally, the different 
types of guidance; de Jong & Lazonder, 2014), no unambiguous differences in 
their effect of promoting learning outcomes have been found when comparing 
them with the non-scaffolded condition (Belland et al., 2017a; Lazonder & Harm-
sen, 2016). Belland et al. (2017b), in addition, analysed within-subject differences 
resulting from scaffolding and surprisingly found that scaffolding did not affect 
learning outcomes when IBL was used as a pedagogical approach (owing to the 
small number of included studies; however, the 95% Bayesian confidence inter-
val for the effect size was wide). Despite the apparent need to study the effect of 
scaffolds on learning outcomes and other variables, these studies have not nec-
essarily addressed how learning occurs and how differences emerge amongst the 
different conditions; addressing these questions could provide input for refining 
and re-implementing the scaffolds to further enhance students’ learning (Alfieri 
et al., 2011; Kim & Hannafin, 2011; Stahl, 2017). This notion also more generally 
relates to the challenges of the prevalent lines of CSCL research (Reimann, 2009; 
Stahl, 2017), which I elaborate on next.  
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2.2 Prevalent lines of CSCL research 

Research on CSCL has a long history. The first line of CSCL research has focused 
on the effects of collaboration in computer-supported settings (Chen et al., 2018). 
These studies have compared the effects of some form of collaborative learning 
with those of individual learning. An example of this line of research is the work 
of Rebetez et al. (2010), who studied how learning from animated graphics differs 
between individual and collaborative learning settings when studying astron-
omy at the university level. They reported the benefits of collaborative learning 
under certain conditions, even though collaborative learning might be less effi-
cient than individual learning (i.e. a group spends more time performing tasks 
than an individual). 

The second line of research has focused on the effects of using technologies 
in collaborative learning (Chen et al., 2018). These studies have compared the 
effects of CSCL with collaborative learning without any technological resources. 
For example, Rau et al. (2017) recently found that a CSCL intervention led to 
higher learning gains than collaborative learning did with traditional worksheets 
in an undergraduate chemistry course. Although the benefits of collaborative 
learning and computer support depend on the context, currently, a typical prem-
ise of CSCL research is that both collaborative learning and technologies support 
learning when adequately taking the context into account. 

The third line of research has focused on the effects of using a specific tech-
nology or approach in CSCL (Chen et al., 2018). These studies have compared the 
effects of the scaffolds or form of communication, for example, on CSCL out-
comes and processes. Lin et al. (2018) analysed the effect of an argumentation 
assistance tool on science process skills and argumentation construction skills 
when 6th graders solved CSCIL problems. The authors measured these skills by 
conducting analysis of covariance on the pre- and post-tests. Sins et al. (2011) 
studied 11th graders when they engaged in a computer-supported inquiry task. 
They compared two conditions, one that used a synchronous communication 
technology and the other that was communicated face-to-face. They statistically 
analysed students’ deep- and surface-level reasoning processes in both condi-
tions by comparing the mean percentages of time the groups spent on the differ-
ent reasoning processes using the Mann–Whitney U test. They also analysed stu-
dents’ task performance using the same test. Gijlers and de Jong (2013) analysed 
the effect of concept maps on consensus-building processes in CSCIL and com-
pared the mean number of utterances in the different modes of knowledge con-
struction by conducting multivariate analysis of covariance. 

The common characteristic feature for these three lines of research is that 
they are built on variables and the analysis of their variance, which Reimann 
(2009) has called variable-centred analysis. Variable-centred analysis is clearly 
one of the main methodological paradigms in the current CSCL research (cf. ex-
perimental paradigm in Stahl et al., 2014a, p. 493). Jeong et al.’s (2014) study cor-
roborated that inferential statistics and the coding-and-counting approach were 
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the most widely used methods in CSCL research and that these two methods 
were often adopted together. Considering measurable learning outcomes, atti-
tudes, interest and motivation, for example, variable-centred analysis provides a 
worthwhile approach to study the effect sizes of an intervention and to compare 
different conditions based on well-established statistical inference practices. 
Thus, variable-centred analysis mainly focuses on ‘what learning occurs’, but 
CSCL research aims to address ‘how and why learning occurs’ as well (Ludvigsen 
& Steier, 2019, p. 3). 

Although the chosen examples of variable-centred analysis show that re-
searchers have captured CSCL processes using variables and have aimed to ad-
dress the how question, a misleading assumption (see Csanadi et al., 2018; Swiecki 
et al., 2020) about both long- and short-term temporal homogeneity (Kapur et al., 
2008) has been made. Regarding long-term temporal homogeneity, the effects of 
independent or explanatory variables (e.g. the coded units of analysis) on the de-
pendent variable are assumed to be constant in a long temporal context (Chiu & 
Khoo, 2005; Reimann, 2009). This long temporal context may include the entire 
CSCL session or a sequence of sessions; thus, the frequencies of the coded units 
of analysis or time spent on specific learning activities are aggregated over these 
sessions. Regarding short-term temporal homogeneity, the coded units of analy-
sis are interpreted as being isolated from a short temporal context. This short 
temporal context may include the previous and following units of analysis. Be-
cause CSCL – and learning, in general – is a process that unfolds over time, the 
minor role of time in research (Barbera et al., 2015) seems surprising. 

To better address the how question, CSCL research could consider how 
learning as a process unfolds over time (Stahl, 2017). Because students’ ways of 
using technologies and realisations of new learning approaches can differ from 
their actual design (Wang & Hannafin, 2005), research taking the time variable 
into account could provide valuable insights into how to ‘design, test, and refine’ 
(Stahl, 2017, p. 113) technologies and approaches for CSCL (cf. the third line of 
research, Chen et al., 2018). Thus, considering time and understanding temporal-
ity is seen as necessary in CSCL research (Ludvigsen et al., 2018). The temporal 
analysis of CSCL forms the basis for the methodological framework of this dis-
sertation (section 3), and the development of the temporal analysis for CSCL is 
the aim of this dissertation (section 4). 



 

3 METHODOLOGICAL FRAMEWORK 

In this section, I present the methodological framework for this dissertation. Af-
ter briefly introducing the motivation for temporal analysis in CSCL research, I 
provide an overview of the temporal analysis methods. I conclude this section 
with the limitations of the temporal analysis of CSCL and the needs to develop 
further the temporal analysis for CSCL. 

3.1 Temporal analysis 

To increase the validity of inferences concerning CSCL as a process unfolding 
over time, approaches that consider the temporal aspects of CSCL are needed. 
The idea to include time as a variable in learning research is not a new one. For 
example, Lemke (2000) presented timescales for different processes associated 
with learning (from chemical synthesis to universal change through neural fir-
ings, lessons and semesters, for example) and discussed how lower-level pro-
cesses are associated with the process of interest, which, in turn, is constrained 
by higher-level processes. A practical reason for the increasing popularity of 
studying the temporal aspects of CSCL is the ease of capturing learning process 
data owing to technological development. A way to study the temporal aspects 
of CSCL is to consider the events of interest that the process data reveals 
(Reimann, 2009). In this study, I use the term ‘temporal aspects of CSCL’ when 
analysing these events to understand CSCL as a process unfolding over time. I 
broadly define the temporal aspects of CSCL as those focusing on the character-
istics of the events or the interrelations between these events over time. 

The temporal aspects of CSCL can be analysed using novel process data, 
such as eye-tracking (Schneider & Pea, 2013) or physiological measurements 
(Haataja et al., 2018). Today, the capacity of computers to analyse complex pro-
cess data does not restrict the analysis. Moreover, ‘traditional’ video and audio 
data and their transcriptions can provide temporal information that can be ana-
lysed in various ways (see sub-studies III and IV). For example, these data can 
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address essential questions, such as the following: who is talking to whom (social 
network analysis; see Dado & Bodemer, 2017), how are the specific sequences of 
cognitions over time related to learning outcomes (statistical discourse analysis; 
Molenaar & Chiu, 2017), how is the participation equity of different students 
evolving (visualisations; Kapur et al., 2008) or how are the technological and so-
cial resources of learning intertwined (qualitative analysis such as conversation 
analysis; Oner, 2013)? 

Temporality has been considered in two different ways in the learning sci-
ences (Knight et al., 2017). First, research has focused on the characteristics of or 
the interrelations between events over time in a long temporal context (e.g. the 
entire CSCL session or a sequence of sessions; see sub-study I). This explicit mon-
itoring of time (Knight et al., 2017) can reveal the intertwining aspects of CSCL 
(see Järvelä et al., 2019; Malmberg et al., 2019; Medina & Suthers, 2013), such as 
the role that students’ ways of using technological resources play when they 
jointly develop ideas and thoughts. Second, research has focused on the charac-
teristics of or the interrelations between events over time in a short temporal con-
text (e.g. a few consecutive utterances; see sub-study I). These sequences of two 
or a few events, for example, are interpreted without information about their 
temporal emergence, duration or development over time (Knight et al., 2017). A 
key assumption is that every event receives input from the previous events and 
provides output to the following events. These different considerations about 
temporality are also visible in the temporal analysis methods that have been used 
in CSCL research. 

3.2 Temporal analysis methods 

Over the last ten years, the CSCL community has implemented various novel 
temporal analysis methods to better understand how CSCL as a process unfolds 
over time (Dado & Bodemer, 2017; sub-study I). These methods can be classified 
based on their assumptions about temporality. First, the methods may focus on 
the explicit monitoring of the characteristics of or the interrelations between 
events over time (Knight et al., 2017). As an example, I visualised different tem-
poral aspects of CSCIL based on video and audio data (see sub-study III and sec-
tion 6.1.5). Although the explicit monitoring of time through visualisations or 
other qualitative techniques may be criticised for only analysing some examples 
in-depth without generalisability, these studies are needed to understand which 
temporal aspects deserve further investigations. I also showed how visualisa-
tions can be interpreted with the help of statistical testing: I visualised 46 groups’ 
use of technological resources in CSCIL based on log data and conducted TLDA 
(see sub-study IV and section 6.2.5). 

Second, the methods may focus on the characteristics of or the interrelations 
between events over time within two or a few consecutive or co-occurring events, 
for example. Frequently adopted temporal analysis methods in CSCL research, 
such as lag sequential analysis (LSA) (see sub-study IV and section 6.2.5) and 
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social network analysis, typically reveal the sequences of a few consecutive 
events. These two assumptions about temporality are not necessarily exclusion-
ary. For example, I advanced LSA and developed TLSA that determines both the 
statistically significant two-event sequences (based on LSA; short temporal con-
text) and monitors the averaged time instants when the sequences emerge (long 
temporal context; see sub-study IV and section 6.2.5). Another example is process 
mining that assumes processes to be sequential so that the latent process governs 
these sequences in the background (Bannert et al., 2014). As a result, the processes 
are illustrated as a chain of sequences from the beginning to the end of CSCL. I 
elaborate on the temporal analysis methods and their distinctions in sub-study I. 

The findings based on temporal analysis can provide new insights both for 
the teachers and developers of educational technologies. From the teachers’ 
viewpoint, knowledge about CSCL as a process unfolding over time can be used 
for refining learning activities (e.g. Lin et al., 2013), for further developing in-
structional practices (e.g. Hou & Wu, 2011), for monitoring students’ learning 
processes in real time (e.g. Su et al., 2018) and for scaffolding learning (e.g. Wu et 
al., 2013). From the viewpoint of the developers of educational technologies, 
these findings can be used for designing, implementing, testing and refining tools 
and functionalities for technological learning environments (e.g. Eryilmaz et al., 
2013). Despite the many advantages and even the hype of temporal analysis, 
emerging and data-intensive analysis techniques have also given rise to doubts 
(Wise & Schwarz, 2017). 

3.3 Limitations of temporal analysis  

Contrary to the well-established, variable-based statistical inference practices 
(section 2.2), there are no established practices for analysing the temporal aspects 
of CSCL or learning in general (e.g. Mercer, 2008). Because of the different con-
ventions and methods to refer to the temporal analysis of CSCL (sections 3.1 and 
3.2), Knight et al. (2017) called for researchers to conceptualise the temporal na-
ture of learning construct, to capture and analyse the learning process data ac-
cording to the conceptualisations and to utilise methods that reveal the temporal 
aspects of interest from the data. Molenaar (2014) called for guidelines for the 
different steps of temporal analysis to move this line of research forward. Thus, 
the first limitation of temporal analysis is theoretical and relates to the lack of 
established practices for the analysis of the temporal aspects of CSCL. This makes 
it challenging to choose what process data to collect and what methods to adopt 
to address the research aims regarding the temporal aspects of CSCL. Conse-
quently, this may lead to collecting process data and adopting methods that are 
inappropriate from the viewpoint of the theoretical framework and aims of the 
study. Such inappropriate choices make studies incommensurable and incompa-
rable. Despite the lack of established practices for analysing the temporal aspects 
of CSCL, researchers have increasingly published studies applying temporal 
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analysis to CSCL (sub-study I). These studies, however, have so far proceeded 
with a quite narrow focus (Dado & Bodemer, 2017; sub-study I). 

The second limitation of the temporal analysis of CSCL relates to the lack of 
studies that explicitly monitor the characteristics of or the interrelations between 
events over time (see sections 3.1 and 3.2). Instead, the current studies and the 
methods used have mostly relied on mere sequences of two or a few events (Dado 
& Bodemer, 2017; sub-study I). Although these studies provide valuable insights 
on productive learning sequences, individual sequences can be problematic to 
interpret (Csanadi et al., 2018). Advancing and employing methods that allow for 
the monitoring of the temporal emergence of the sequences could show what se-
quences are clustered together, which would make finding broader phases of 
learning processes easier. The information about the time instants of the se-
quences can also reveal the progress of learning. Moreover, the explicit monitor-
ing of time functions as a methodological tool to capture the temporally inter-
twining aspects of learning (Oner, 2013). Focusing on these intertwining aspects 
can lead to a better understanding of CSCL and the premises for productive 
CSCL (see Ludvigsen & Steier, 2019). 

The third limitation of the temporal analysis of CSCL results from the lack 
of studies focusing on the temporal aspects of IBL in CSCL settings (some excep-
tions are Chiang et al., 2014; Wang et al., 2014). This seems surprising, given the 
popularity of CSCL in science education and IBL as a pedagogical approach in 
CSCL settings (see section 2.1.1; Jeong et al., 2019). In particular, temporal analy-
sis can provide insights for the scaffolding of CSCIL (see Gijlers et al., 2009) when 
more is known about how CSCIL occurs and how differences emerge between 
scaffolded and non-scaffolded CSCIL. This information can help in designing, 
testing, refining and re-implementing scaffolds to enhance CSCIL. Temporal 
analysis can specifically illuminate how the designed CSCIL processes differ 
from the realisations of the CSCIL processes. 

To address these three limitations, in the following section, I propose the 
theoretical, methodological and empirical aims of this study.



 

4 AIMS OF THE STUDY 

The aim of this dissertation is to develop the temporal analysis for CSCL in the 
context of scaffolded inquiry. In the following sections, I address the study’s the-
oretical, methodological and empirical aims in detail. 

4.1 Theoretical aim 

To move forward the research on the temporal aspects of CSCL, my theoretical 
aim is to develop a temporal analysis procedure for CSCL (sub-study I). The procedure 
includes the key operations for analysing the temporal aspects of CSCL; employ-
ing this procedure may increase the comparability and commensurability of fu-
ture studies. In section 5, I present the methods and outcomes when addressing 
this theoretical aim. 

4.2 Methodological and empirical aims 

I adapted the temporal analysis procedure (sub-study I and section 4.1) to study 
the practice phase of the primetime learning model (sub-study II) in undergrad-
uate physics courses. In science education, IBL is a popular pedagogical approach 
in CSCL settings (Jeong et al., 2019). CSCIL is a process in which different aspects 
temporally intertwine. To better understand the premises for productive CSCIL 
(see Ludvigsen & Steier, 2019), my methodological aim is to advance temporal anal-
ysis methods to study CSCIL (sub-studies III and IV). Researchers widely agree that 
scaffolding is needed to achieve the benefits of CSCIL; therefore, my empirical 
aim is to design scaffolds and analyse their role in CSCIL (sub-studies III and IV). 

To address the empirical aim, I employed the temporal analysis procedure 
and advanced methods. First, to design scaffolds for CSCIL, I studied how CSCIL 
occurs (sub-study III and section 6.1). Second, to analyse the role of the designed 
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scaffolds in CSCIL, I investigated how differences emerge between scaffolded and 
non-scaffolded conditions (sub-study IV and section 6.2). I have structured sec-
tions 6.1 and 6.2 based on the key operations for analysing the temporal aspects 
of CSCL (sub-study I). In section 6.1.1, I present the sub-aims to address how 
CSCIL occurs. In section 6.2.1, I present the sub-aims to address how differences 
emerge between scaffolded and non-scaffolded CSCIL. 



 

5 TEMPORAL ANALYSIS PROCEDURE FOR CSCL 

To address the theoretical aim of the study (to develop a temporal analysis pro-
cedure for CSCL; see section 4.1), I conducted a systematic literature review. The 
literature search included the identification, screening, eligibility and included 
phases (see Shamseer et al., 2015). These different phases are shown in FIGURE 
1 (see the details in sub-study I). Overall, 78 peer-reviewed articles published in 
high-impact journals (e.g. Computers & Education, n = 11; Computers in Human Be-
havior, n = 5; International Journal of Computer-Supported Collaborative Learning, n = 
11; Journal of Computer Assisted Learning, n = 4) were included for further analysis. 

I identified the six key operations for analysing the temporal aspects of 
CSCL based on the systematic literature review (FIGURE 2). These key opera-
tions are dependent; therefore, the implementation of a key operation is con-
strained by previous key operations and will constrain the implementation of the 
following key operations. For example, in face-to-face interaction (context), infor-
mation about the sequences of events (outcomes) may not be sufficient because 
the same sequences may have different consequences in the different phases of 
learning processes; thus, the process data, events and temporal analysis method 
should be chosen to ensure that the key operations related to the context and 
outcomes are aligned. In the following sections, I individually present each key 
operation and elaborate on how the operations were performed in the included 
78 papers.



FIGURE 1 The literature search to develop a temporal analysis procedure for CSCL



FIGURE 2 The key operations for the analysis of the temporal aspects of CSCL. The key operations are highlighted in grey. The numbers in 
parentheses refer to the number of articles 
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5.1 Theoretically framed research aims regarding temporal  
aspects 

The first key operation is to specify the temporal aspects of CSCL that are studied 
to address the theoretically framed research aims. The systematic literature re-
view showed that, most typically, the studies had descriptive aims (68% of the 
articles), whereas the relational (40%), comparative (29%) and methodological 
(22%) aims were rarer. Although the temporal analysis of CSCL was scattered 
across different theoretical approaches, theoretical frameworks such as 
knowledge building, regulation of learning and cognitions were widely used. 

5.2 Context 

The second key operation is to form a context for the study. The context concerns 
the interaction amongst the students (e.g. whether the interaction is face-to-face 
or online), technologies used to mediate the interaction (e.g. communication or 
dynamic technologies) and what ideas and thoughts the students are working on. 
The systematic literature review showed that interaction was mainly computer-
mediated (90%) and therefore communication technologies (87%) (e.g. discus-
sions forums) were used. 

5.3 Process data 

The third key operation is to decide what process data are to be collected. Owing 
to the popularity of computer-mediated interaction, 81% of the studies used 
online discussion as a process data source when conducting temporal analysis; 
moreover, 23% of the studies had online discussions as the only process data 
source. In addition, log data (64%) and video/audio data (15%) were used to cap-
ture CSCL as a process. 

5.4 Events 

The fourth key operation is to conceptualise the events from the collected process 
data. From online discussions or transcriptions of video/audio data, events were 
typically conceptualised as communication units (71%, e.g. a message) or epi-
sodes (21%, e.g. a thread of messages). From log data, a non-verbal activity re-
lated to the use of technologies was a typical event (22%). 
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5.5 Temporal analysis methods 

The fifth key operation is to analyse the events by employing one or more tem-
poral analysis methods. The choice of the method depends on the type and num-
ber of events and the temporal aspects of CSCL of interest (e.g. whether se-
quences or co-occurrences of events over time and whether content or duration 
of events over time). Social network analysis (41%) and sequential analysis (31%) 
were the most frequently employed methods; thus, the focus was on the se-
quences of events. Other temporal analysis methods included visualisations1 
(15%), statistical discourse analysis (5%), epistemic network analysis and other 
network analysis techniques (3%) and process mining (3%). 

5.6 Outcomes 

The sixth key operation is to interpret the outcomes based on the chosen temporal 
analysis methods. Depending on the previous key operations, the outcomes re-
lated to the temporal aspects of CSCL focused on the characteristics of or interre-
lations between events over time (descriptive aims); differences of characteristics 
of, or interrelations between, events over time between groups/conditions (com-
parative aims); or relationships of characteristics of or interrelations between 
events over time to the performance, the level of collaboration or individu-
als’/groups’ factors (relational aims). In the reviewed papers, the events were 
related to learner interaction (e.g. who is talking), the ideas and thoughts devel-
oped in the interaction (e.g. what is talked about) and the use of technological 
resources to mediate the interaction (e.g. what non-verbal activities are con-
ducted). The outcomes were typically sequences of two events related to learner 
interaction or ideas and thoughts developed in the interaction. Moreover, data 
and method triangulation complemented the interpretations, which were made 
by conducting the temporal analysis of CSCL. 

In sum, the proposed key operations and their implementations provide a 
roadmap for this study and other studies focusing on the temporal aspects of 
CSCL. This roadmap can contribute to establishing practices for the temporal 
analysis of CSCL that may increase the comparability and commensurability of 
future studies. Addressing the question of ‘how learning occurs’ by conducting 
temporal analysis also helps to better understand the premises of productive 
CSCL. In the following section, I show how I implemented the key operations to 
study the temporal aspects of CSCL in the context of scaffolded IBL. 

                                                 
1 In this study, I refer to visualisations as a method in its own right. Visualisations of out-
comes are frequently used in conjunction with other listed temporal analysis methods, but 
those are not counted to this frequency. 



 

6 TEMPORAL ANALYSIS OF COMPUTER-SUP-
PORTED COLLABORATIVE INQUIRY-BASED 
LEARNING 

To address the methodological and empirical aims of this study (section 4.2, to 
advance temporal analysis methods to study CSCIL; to design scaffolds and an-
alyse their role in CSCIL), I applied the six key operations (sections 5.1–5.6; see 
also sub-study I) to study the temporal aspects of CSCIL. I addressed the empir-
ical aim by developing the practice phase of the primetime learning model (sub-
study II) in undergraduate thermodynamics courses at the University of 
Jyväskylä (sub-studies III and IV). As part of the primetime learning model, the 
students were divided into groups of five (a few groups included four or six stu-
dents), which were heterogeneous regarding gender, major and performance. In 
the practice phase, the groups collaboratively solved problems face-to-face in a 
technological learning environment with a shared laptop computer and without 
a teacher. An essential part of the practice phase was to learn to use different 
technological resources (e.g. dynamic technologies such as the Python program) 
when solving inquiry problems. The technological learning environment used in 
this study was The Interactive Material (TIM) (https://tim.jyu.fi) because it ena-
bled us to implement all the material and resources needed in the courses at the 
same place. The participants of sub-study III comprised ten undergraduate nat-
ural science students (two groups). The participants of sub-study IV comprised 
231 undergraduate natural science students (46 groups).  

In this study, the temporal aspects of CSCIL of interest were (i) sequences 
of events over time, wherein the events were related to students’ ideas and 
thoughts characterised by the different IBL phases and (ii) characteristics of 
events over time, wherein the events were related to the students’ ways of using 
technological resources. First, focusing on the sequences is a way to examine IBL 
in CSCL settings: the sequential nature of IBL is also visible in the framework 
developed by Pedaste et al. (2015), wherein students can move back and forth 
between the different IBL phases without pre-determined pathways. Second, de-
spite the importance of technological resources in CSCL, their intertwining role 
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in learning activities has often been neglected (Bernhard, 2018; Chen et al., 2019; 
Ludvigsen & Steier, 2019). Focusing on this interplay can help to identify the crit-
ical design principles of the educational technologies. Thus, I studied how IBL 
sequences temporally intertwine with the students’ ways of using technological 
resources. 

I have divided the rest of this section based on the six key operations of 
temporal analysis (sections 5.1–5.6). I present the implementations of these oper-
ations from the viewpoint of sub-studies III (designing scaffolds for CSCIL by 
studying how CSCIL occurs, section 6.1) and IV (analysing the role of the de-
signed scaffolds in CSCIL by studying how differences emerge between the scaf-
folded and non-scaffolded conditions, section 6.2). I present the summary of sub-
studies I, III and IV in TABLE 1. TABLE 1 shows the relations between the aims 
of this dissertation (section 4) and the sub-studies. 

6.1 Designing scaffolds 

In this section, I study how CSCIL occurs to design scaffolds for CSCIL. The anal-
ysis is based on the temporal aspects of CSCIL, which focus on the IBL sequences 
over time and the intertwining role of the use of the Python program in these 
sequences over time. Next, I elaborate on how I implemented the key operations 
of the temporal analysis in sub-study III (see FIGURE 2 and TABLE 1). 

6.1.1 Research aim: How does computer-supported collaborative inquiry-
based learning occur? 

To study how CSCIL occurs, I addressed the following methodological and 
descriptive sub-aims. My methodological sub-aim was to develop visualisations 
of CSCIL that capture its temporally intertwining aspects. My descriptive sub-
aims regarding the temporal aspects of CSCIL were to investigate the following: 

1. the progress of CSCIL by visualising the CSCIL processes over time and 
identifying the characteristic IBL sequences; and 

2. the intertwining role of the Python program in the characteristic IBL 
sequences by visualising whether the use of the Python program occurred 
at a deep level or surface level or whether it was non-existent.



TABLE 1 Implementations of the key operations of temporal analysis (sub-study I) when analysing computer-supported collaborative in-
quiry-based learning in sub-studies III and IV 

Sub-aims Context Process data Events 
Temporal  
analysis 
method 

Outcomes 

Sub-study 
III: How 
CSCIL oc-
curs 

Methodological: 
Advance the visuali-
sations of CSCIL 

Descriptive: 
Identify the charac-
teristic IBL se-
quences and the in-
tertwining role of 
the Python program 
in these sequences 
over time 

Face-to-face interac-
tion 

Dynamic technologies 
(Python program) 

Ideas and thoughts 
about the random 
walk problem in un-
dergraduate thermo-
dynamics courses 

Screen-cap-
ture videos 
and audio re-
cordings of 
two groups 
(n = 10) 

Communication 
episodes – that is, 
a few utterances 
(the IBL phase) 

Communication 
units – that is, ut-
terance (the use of 
the Python pro-
gram) 

Visualisa-
tions 

Descriptive: 
Both challenges and productive 
practices, which occurred when the 
Python program was used, were 
temporally intertwined with spe-
cific IBL sequences 

Sub-study 
IV: How 
differences 
emerge be-
tween the 
scaffolded 
and non-
scaffolded 
conditions 

Methodological: 
Advance TLDA and 
TLSA 

Comparative: 
Compare the IBL se-
quences and the in-
tertwining role of 
the Python program 
in these sequences 
over time 

Face-to-face interac-
tion 

Dynamic technologies 
(Python program) 

Ideas and thoughts 
about the random 
walk problem in un-
dergraduate thermo-
dynamics courses 

Screen-cap-
ture videos 
and audio re-
cordings of 
11 groups (n 
= 55) 

Log data 
from 46 
groups (N = 
231) 

Communication 
episodes (the IBL 
phase) 

Non-verbal activi-
ties showing the 
runs with the Py-
thon program 
with timestamps 
(the use of the Py-
thon program) 

TLSA 

TLDA 

Comparative: 
Three temporally distinct IBL se-
quence clusters (orientation–inves-
tigation–conclusion/discussion) 
were found in both the scaffolded 
and non-scaffolded conditions. The 
temporally different ways of using 
the Python program were associ-
ated with the differences in the 
content and temporal emergence of 
the clusters between the scaffolded 
and non-scaffolded conditions 
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6.1.2 Context: Face-to-face interaction mediated by a dynamic technology 

My analysis focused on two groups’ CSCIL processes (Groups 1 and 2) in the 
practice phase of the primetime learning model, wherein the groups solved a 
random walk problem (FIGURE 3) in a fixed learning session. The duration of 
the sessions was 22 and 18 min in Groups 1 and 2, respectively. Group 1 correctly 
solved the problem, whereas Group 2 did not reach the correct solution. The 
groups interacted face-to-face using a shared laptop computer and used a Python 
program as a dynamic technology to solve the problem. The groups’ aim was to 
determine how the displacement of an atom in a two-dimensional gas depends 
on time [FIGURE 3 (a)]. The solution of the random walk problem required that 
the groups (i) run the Python program with different values of the number of 
collisions of the atom and (ii) run the Python program multiple times with the 
same value of the number of collisions to infer the time-dependence of the 
averaged value of the displacement [FIGURE 3 (b) and (c)]. The groups also had 
access to a YouTube video clip that provided a representation of the random walk 
[FIGURE 3 (d)]. 

6.1.3 Process data: Screen-capture videos and audio recordings 

I analysed the CSCIL processes of two groups using screen-capture videos of the 
groups’ computer screen and audio recordings of the conversations. I transcribed 
the groups’ communication based on the video and audio data. 

6.1.4 Events: Communication episodes and units 

I conceptualised two types of events from the transcriptions. To study the 
progress of CSCIL (the first descriptive sub-aim, section 6.1.1), I conceptualised 
communication episodes with the start and end times of the episodes. A 
communication episode included a few utterances and captured a ‘unit of 
meaning’ from the transcriptions (Henri, 1992, p. 134). I coded the 
communication episodes to the different IBL phases (orientation, 
conceptualisation, investigation, conclusion and discussion), which I have 
described in section 2.1.1. 

To study the role of the Python program in CSCIL (the second descriptive 
sub-aim, section 6.1.1), I conceptualised the communication units. A communi-
cation unit was an utterance in the transcriptions. I coded the communication 
units based on the use of the Python program (deep-level use, surface-level use 
or non-existent), as shown in TABLE 2.
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(a) 

(b) 

(c) (d) 

 

FIGURE 3 The random walk problem: (a) the assignment, (b) Python program used to 
solve the problem, (c) output of the Python program, including the atom’s 
path and value of the displacement and (d) YouTube video clip, which pro-
vided a representation of the random walk
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TABLE 2 The codes of the events related to the use of the Python program 

Class Description Example 

Surface-
level use of 
technology 

Students used the Python program for 
routine manipulations and information 
collection. This typically included run-
ning the Python program and collecting 
or observing the data given by the Py-
thon program. 

Petri: Yeah, there it [the dis-
placement] was about 20 [the 
number of collisions N = 300]. 
When N was 700, it was slightly 
over 30. Let’s try it with N = 500. 
I’ll run this [the Python pro-
gram] a couple of times: 11, 15, 
25, 21, 15… [the values of the 
displacement]. 

Deep-level 
use of tech-
nology 

Students used the Python program for 
structuring, analysing and interpreting 
information. This typically included ask-
ing a question about the program, inter-
preting the program itself, modifying the 
program, interpreting or explaining the 
results given by the program and plan-
ning the use of the program. 

Lasse: I was just about to say 
that it looks quite linear. But we 
can determine whether it is like 
square root [displacement pro-
portional to the square root of 
time] or linear if you set N = 
2000 [in the Python program], 
for instance. 

 

6.1.5 Temporal analysis methods: Visualisations 

Visualisations, as a method in its own right, reveal the flow of events in a timeline 
and show the characteristic features of the data that would be difficult to capture 
otherwise (cf. time series analysis that typically starts with visualising the data 
and finding possible trends or seasonal variations). Visualisations can be consid-
ered as ‘an intermediate step’ (Langley, 1999, p. 702) when phenomena are con-
ceptualised; therefore, they are suitable to address the descriptive sub-aims. To 
study the progress of CSCIL (the first descriptive sub-aim, section 6.1.1), I visu-
alised the communication episodes over time by the labelling start and end times 
of each episode. I used the MATLAB software to perform the visualisations. In 
the visualisations, the transitions from one IBL phase to another (i.e. the IBL se-
quences) demonstrated the dynamics of the CSCIL processes. The visualisations 
allowed me to focus on the IBL sequences that characterised the CSCIL processes 
of the two groups. To study the role of the Python program in CSCIL (the second 
descriptive sub-aim, section 6.1.1), I visualised the communication units, which 
indicated the students’ way of using the Python program in an utterance over 
time. I focused on the groups’ ways of using the Python program in the charac-
teristic IBL sequences. 
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6.1.6 Outcomes: Temporal challenges and productive practices guide the  

design of scaffolds 

Regarding the progress of CSCIL (the first descriptive sub-aim, section 6.1.1), I 
found that instead of the amount of time the groups spent on one specific IBL 
phase (cf. coding-and-counting method), the between-group differences in the 
most frequent IBL sequences characterised the groups’ CSCIL processes (see FIG-
URE 4). Group 1 had the most frequent IBL sequence between the investigation 
and discussion phases (12 times), and they correctly solved the problem. Group 
2 had the most frequent IBL sequence between the orientation and investigation 
phases (six times), and they did not reach the correct solution to the problem. 

 
 

 

FIGURE 4 Visualisations of the computer-supported collaborative inquiry-based learn-
ing processes of Group 1 (top) and Group 2 (bottom) showing the groups’ 
most frequent inquiry-based learning sequences (arrows) and the use of the 
Python program (symbols) over time 

Regarding the role of the Python program in CSCIL (the second descriptive sub-
aim, section 6.1.1), I found that the most frequent IBL sequences were triggered 
by the use of the Python program (FIGURE 4). Group 1 had recurrent, surface-
level use of the Python program (e.g. data collection) in the investigation phase, 
triggering the transitions to the discussion phase, where the use of the Python 
program occurred on a deep level (e.g. communicating and reflecting on the find-
ings and the current ways of using the Python program). In contrast, Group 2 
had recurrent IBL sequences between the orientation and investigation phases. 
These sequences may be explained by the challenges that Group 2 faced while 
trying to use the Python program on a surface level in the investigation phase: 
Group 2 could not implement the planned activities (deep-level use of the Python 
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program) in their practice (surface-level use of the Python program). This group’s 
attempts to use the Python program during the investigation phase ended up in 
the orientation phase with no use or surface-level use of the Python program. 
Thus, Group 2 had to answer the question and make conclusions without the 
data that supported any of the given options. 

The visualisations in FIGURE 4 do not reveal the causal relationships be-
tween the IBL sequences and the use of the Python program, but they explicitly 
indicate how the challenges or productive practices that occurred when the 
groups used the Python program were temporally intertwined with the specific 
IBL sequences. I used these results to design scaffolds to enhance the productive 
use of the Python program as part of CSCIL (e.g. to enhance repetitive sequences 
between the investigation and discussion phases). In particular, the scaffolds im-
plemented in the technological learning environment aimed to provide proce-
dural assistance for CSCIL with hints on how to use the Python program, espe-
cially at the beginning of CSCIL (e.g. to avoid repetitive sequences between the 
orientation and investigation phases). Although the collaboration could have 
helped students to make their thinking explicit (Järvelä et al., 2008), the external-
isation of thinking did not automatically occur (see sub-study III); therefore, the 
scaffolds also guided the students to this externalisation. TABLE 3 shows the 
tasks, challenges and content of the scaffolds in the different IBL phases. Note 
that previous research has identified similar challenges in different contexts 
(Chang et al., 2017; de Jong & Van Joolingen, 1998; Kapur et al., 2008; Koretsky et 
al., 2016; Wang et al., 2014). 

The first designed scaffold (writing scaffold) instructed students to write 
down the essential aspects of the orientation, conceptualisation and investigation 
phases in the technological learning environment; therefore, for each phase, the 
groups had a separate place where one of the students could write down the 
group’s joint answers. The writing scaffold implicitly played a role in the inter-
action of the groups because it fostered the externalisation of the students’ think-
ing (cf. Gijlers et al., 2009). The second designed scaffold (script scaffold) in-
structed the students to adopt roles. Accordingly, each of the five students in a 
group adopted a role based on an IBL phase (see, collaboration scripts in Kobbe 
et al., 2007). The contents of the writing and script scaffolds were similar in the 
orientation, conceptualisation and investigation phases, but the script scaffold 
also included non-specific guidelines for the conclusion and discussion phases. 
Moreover, the script scaffold explicitly aimed to structure the interaction and en-
hance the externalisation of the understanding in the groups, in addition to 
providing the procedural assistance for CSCIL with hints on how to use the Py-
thon program. In the following, I present what kind of role these scaffolds played 
in CSCIL by describing how differences emerged between the scaffolded and non-
scaffolded conditions. 
  



TABLE 3 Tasks of the random walk problem in the different inquiry-based learning phases, challenges identified in groups’ learning pro-
cesses and two scaffolds designed to address the challenges 

Phase Tasks Challenges Writing scaffold Script scaffold 

Orienta-
tion 

Identify the main concepts of 
the assignment (free mean path, 
path, total displacement) and 
become familiar with the tech-
nological resources (video and 
Python program). 

Become familiar 
with the techno-
logical resources 
provided. 

Write down the key physics concepts 
of the assignment. Consider how 
these concepts are represented in the 
video, Python program and output of 
the Python program. 

For Student 1: Make sure that everyone in 
the group identifies the key physics con-
cepts of the assignment. Consider how 
these concepts are represented in the video, 
Python program and output of the Python 
program. 

Conceptu-
alisation 

Determine the dependent varia-
bles (total displacement) and in-
dependent variables (number of 
collisions and amount of time). 

Identify depend-
ent and inde-
pendent variables 
from the assign-
ment and Python 
program. 

Write down how the question (How 
does the displacement of an atom in a 
gas depend on time?) relates to the 
video, Python program and output of 
the Python program. Reason how 
you should utilise the Python pro-
gram so that you are able to answer 
the question. 

For Student 2: Make sure that everyone in 
the group understands how the question re-
lates to the video, Python program and out-
put of the Python program. Reason how 
you should utilise the Python program so 
that you are able to answer the question. 

Investiga-
tion 

Plan the data collection proce-
dure, implement the procedure 
and analyse and interpret the 
collected data. 

Plan and imple-
ment a proper 
data collection 
strategy.  

Write down the joint strategy you 
will implement to answer the ques-
tion. 

For Student 3: Make sure that you plan and 
implement the joint strategy to answer the 
question. 

Conclu-
sion 

Offer and evaluate solutions to 
the given question based on the 
data. 

- - For Student 4: Ensure that you make justi-
fied conclusions to solve the problem. 

Discussion Elaborate on the findings and 
conclusions and reflect on the 
joint CSCIL processes. 

- - For Student 5: Make sure that you reflect 
upon your activities throughout the pro-
cesses. 
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6.2 Analysing the role of the scaffolds in learning 

In this section, I study how differences emerge between the scaffolded and non-
scaffolded conditions to analyse the role of the writing scaffold and script scaf-
fold (TABLE 3) in CSCIL. Sub-study III showed how the IBL sequences and the 
use of the Python program temporally intertwined; therefore, I continued exam-
ining these temporal aspects of CSCIL. Next, I elaborate on how I implemented 
the key operations of the temporal analysis in sub-study IV (see FIGURE 2 and 
TABLE 1). 

6.2.1 Research aims: How do differences emerge between the scaffolded 
and non-scaffolded conditions? 

To study how differences emerged between the scaffolded and non-scaffolded 
conditions, I addressed the following methodological and comparative sub-aims. 
My methodological sub-aim was to develop TLDA and advance LSA by conduct-
ing TLSA. By combining TLDA and TLSA, I determined how the log data (the 
use of the Python program) could be interpreted by complementing it with the 
screen-capture video and audio data of CSCIL (IBL sequences) in face-to-face in-
teraction. My comparative sub-aims regarding the temporal aspects of CSCIL 
were to study the following: 

1. the use of the Python program in the different conditions and the temporal 
distinctions amongst the writing scaffolded, script scaffolded and non-
scaffolded conditions;  

2. the IBL sequences in the different conditions and the temporal distinctions 
amongst the conditions. 

6.2.2 Context: Face-to-face interaction mediated by a dynamic technology 

My analysis focused on 46 groups’ CSCIL processes when the groups solved a 
random walk problem (N = 231, FIGURE 3) in a fixed learning session. The con-
text was otherwise similar as described in section 6.1.2, but 17 groups (n = 86) 
had the writing scaffold, 15 groups (n = 75) had the script scaffold and 14 groups 
(n = 70) had no scaffold when they solved the random walk problem (see TABLE 
3). The duration of the learning session was on average 28 (SD = 12 min), 19 (SD 
= 9 min) and 19 min (SD = 8 min) in the writing scaffolded, script scaffolded and 
non-scaffolded conditions, respectively. 

6.2.3 Process data: Log data, screen-capture videos and audio recordings 

To study the use of the Python program (the first comparative sub-aim, section 
6.2.1), I used the log data of all the groups from the technological learning envi-
ronment. The log data captured the groups’ non-verbal activities in the techno-
logical learning environment, and the data showed, for example, when the 
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groups ran the Python program and what the values of the variables were in the 
run [FIGURE 3 (b)]. 

To study the IBL sequences (the second comparative sub-aim, section 6.2.1), 
I used screen-capture videos of 11 groups’ computer screen and audio recordings 
of the conversations (three, four and four groups in the writing scaffolded, script 
scaffolded and non-scaffolded conditions, respectively). I transcribed the groups’ 
communication based on the screen-capture video and audio data (cf. section 
6.1.3). 

6.2.4 Events: Non-verbal activities related to the use of the dynamic technol-
ogy and communication episodes 

To study the use of the Python program (the first comparative sub-aim, section 
6.2.1), I conceptualised an event from the log data as a run with the Python pro-
gram with a related timestamp. To study the IBL sequences (the second compar-
ative aim, section 6.2.1), I conceptualised an event from the video and audio data 
as a communication episode with the start and end times of the episode; the com-
munication episode captured a meaningful unity from the students’ conversa-
tions. I coded the episodes to the different IBL phases (cf. section 6.1.4). 

6.2.5 Temporal analysis methods: Temporal log data analysis and temporal 
lag sequential analysis 

To study the use of the Python program (the first comparative sub-aim, section 
6.2.1), I conducted TLDA, revealing how the frequency of the events (runs with 
the Python program) behaved as a function of time. Next, I plotted empirical cu-
mulative distribution functions (ECDFs) in the different conditions. The value of 
an ECDF (from 0 to 1) indicates the fraction of the total number of runs with the 
Python program that have been performed before that time instant. I conducted 
both one-sample and two-sample Kolmogorov–Smirnov tests to measure how 
these ECDFs fit to the uniform distribution model and if the ECDFs were similar 
in the different conditions, respectively. 

To study the IBL sequences (the second comparative sub-aim, section 6.2.1), 
I conducted LSA. I calculated Yule’s Q (Davis, 1971) for each sequence in the dif-
ferent conditions. For further analysis, I chose the sequences whose Yule’s Q > 
0.3, which indicated a moderate positive association in the sequence. I conducted 
TLSA by determining the averaged time instant for the IBL sequences whose 
Yule’s Q >0.3. Both TLDA and TLSA were performed using R software. 

6.2.6 Outcomes: The beginning of learning processes may define the role of 
the scaffolds 

Regarding the use of the Python program (the first comparative sub-aim, section 
6.2.1), FIGURE 5 shows that the groups in the writing scaffolded condition evenly 
used the Python program throughout their CSCIL (one-sample Kolmogorov–
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Smirnov: D = 0.069, p = 0.26). The groups in the script scaffolded and non-scaf-
folded conditions used the Python program less frequently at the beginning of 
their CSCIL (D = 0.15, p < 0.001 and D = 0.20, p < 0.001), but the use of the Python 
program was temporally similar in these two conditions (two-sample Kolmogo-
rov–Smirnov: D = 0.095, p = 0.45). 

Regarding the IBL sequences (the second comparative sub-aim, section 
6.2.1), FIGURE 6 shows three temporally separate IBL sequence clusters in all 
three conditions. Whereas the groups in the script scaffolded and non-scaffolded 
conditions had their first IBL sequence cluster (associated with the orientation 
phase) before they familiarised themselves with the Python program, the groups 
in the writing scaffolded condition had their first IBL sequence cluster when they 
were already familiar with the Python program (FIGURE 5 and FIGURE 6). This 
familiarity with the Python program might have contributed to more diverse IBL 
sequences in the first cluster of the groups in the writing scaffolded condition. 
The second IBL sequence cluster, associated with the investigation phase, also 
emerged later in the groups in the writing scaffolded condition compared with 
the groups in the script scaffolded and non-scaffolded conditions. The third IBL 
sequence cluster was associated with the conclusion and discussion phases and 
emerged at the same time in all three conditions. 

 

 

FIGURE 5 The results of temporal log data analysis showing the use of the Python pro-
gram in the scaffolded and non-scaffolded conditions over time. At any 
given time instant, the value of the empirical cumulative distribution func-
tion was equal to the fraction of the total number of runs with the Python 
program that had been performed before that time instant. Time = 0 refers to 
the moment when the solution to the previous problem was submitted. 
Time = 1 refers to the moment when the solution to the random walk prob-
lem was submitted. 
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Although CSCIL is a complex and non-linear process, the findings of TLSA 
showed the general progress of CSCIL (FIGURE 6). This general progress was 
similar in the writing scaffolded, script scaffolded and non-scaffolded conditions, 
but the actual content and temporal emergence of the IBL sequence clusters var-
ied. FIGURE 5 and FIGURE 6 also show that the role of the writing scaffold was 
not uniform throughout the CSCIL and was the most significant at the beginning: 
the groups in the writing scaffolded condition used the Python program more 
frequently at the beginning of their learning processes, and their first and second 
IBL sequence clusters emerged notably later with different content compared 
with the groups in the script scaffolded and non-scaffolded conditions. Moreover, 
the similar findings of TLDA and TLSA in the script scaffolded and non-scaf-
folded conditions indicated that if the students ignored the scaffold from the be-
ginning of the CSCIL process, they also did not utilise it later. Overall, these find-
ings illuminate the need for temporal analysis revealing how differences emerge 
between the scaffolded and non-scaffolded conditions, which may benefit refin-
ing or re-implementing scaffolds. 
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FIGURE 6 The results of temporal lag sequential analysis showing the inquiry-based 
learning sequences with Yule’s Q > 0.3 in the scaffolded and non-scaffolded 
conditions over time. Three inquiry-based learning sequence clusters have 
been marked with rectangles



 

7 DISCUSSION 

Studies focusing on the temporal aspects of CSCL have increasingly been pub-
lished; therefore, in addition to finding the relationships amongst variables and 
judging the statistical effectiveness of interventions, we can now better under-
stand how those relationships and effects emerge during CSCL (Stahl, 2017). Thus, 
in this dissertation, I did not aim to establish the relationships amongst variables 
or to study their co-variations (see Reimann, 2019); instead, I developed the tem-
poral analysis for CSCL in the context of scaffolded inquiry. My theoretical aim 
was to develop a temporal analysis procedure for CSCL (sub-study I). The pro-
cedure can be used as a roadmap for both theory-driven studies and methodo-
logical experiments focusing on the temporal aspects of CSCL; thus, the future 
studies can be more commensurable (as is the case in the studies focusing on the 
variable-centred variance theory, which makes it possible to conduct meta-anal-
yses, for example). Through commensurable replications, we can begin synthe-
sising the temporal aspects of CSCL, which are related to the studied variables 
(e.g. learning outcomes, attitudes and motivation) – that is, we can determine if 
the temporal aspects of CSCL are sequences or co-occurrences of some events 
over time or the duration of some events over time that matter. The temporal 
analysis of CSCL may also help us in designing better technologies and pedagog-
ical approaches for CSCL because the advantages of collaborative learning and 
computer-support, in general, have been acknowledged (Chen et al., 2018). 

IBL has been a potential and popular pedagogical approach in CSCL set-
tings for developing knowledge that future natural scientists need (Jeong et al., 
2019). My methodological aim was to advance the temporal analysis methods to 
study CSCIL (sub-studies III and IV). To enhance CSCIL in the practice phase of 
the primetime learning model (sub-study II), my empirical aim was to design 
scaffolds (sub-study III) and analyse their role in the CSCIL (sub-study IV) based 
on the temporal analysis procedure and advanced methods. I summarise the re-
lations between sub-studies I, III and IV in TABLE 1. Temporal analysis may ben-
efit scaffolding CSCIL by showing how learning occurs and how differences 
emerge between the scaffolded and non-scaffolded conditions. In addition to de-
signing scaffolds, the information about the temporal aspects can be used for re-



49 
 
fining and re-implementing scaffolds. For example, comparing the temporal as-
pects of scaffolded and non-scaffolded CSCIL can reveal whether the minor dif-
ferences between the two conditions are because of the poor design of the scaf-
fold or because the students ignore the scaffold. These findings can be used to 
refine the scaffolds (in the case of poor design) or to consider their novel imple-
mentation (in the case of students ignoring the scaffold). 

In the following two sections, I describe my reflections on the theoretical 
(section 7.1), methodological and empirical (section 7.2) contributions of this 
study. 

7.1 Reflections on the temporal analysis procedure for CSCL 

Relating to the theoretical aim, the temporal analysis procedure was based on six 
key operations (sub-study I and sections 5.1–5.6). The first key operation is to 
specify the temporal aspects that are studied to address the theoretically framed 
research aims. In this study, I broadly defined the temporal aspects of CSCL as 
focusing on the characteristics of or interrelations between events over time. This 
definition highlights the premise of the temporal analysis: characteristics of or 
interrelations between events over time are more important than the presence or 
absence of the events in isolation (cf. e.g. Shaffer et al., 2016). The second key 
operation, forming a context for the study, can be characterised with learner in-
teraction, technological resources used to mediate the interaction and what ideas 
and thoughts students are working with. The third key operation is to collect 
process data. The specification of the theoretically framed research aims regard-
ing the temporal aspects of CSCL decreases the pitfalls of the third key operation. 
This role of theoretical framing is important because a bigger size of process data 
makes it easier to find statistically significant but theoretically meaningless pat-
terns from the data (Wise & Shaffer, 2015). 

In the fourth key operation, events are conceptualised from the process data. 
This operation is at the core of temporal analysis because it determines the level 
of temporal granularity of the analysis (Molenaar, 2014) – that is, researchers de-
cide how much to zoom in or out to address the theoretically framed research 
aims. According to the timescales of different learning processes developed by 
Lemke (2000, p. 277), an event can (in theory) last whatever from chemical syn-
thesis to universal change. Different types of events can also be conceptualised 
from the same process data, as I have done in sub-study III from the transcrip-
tions of screen-capture video and audio recordings: communication episodes (a 
few utterances) captured the IBL phase, whereas communication units (an utter-
ance) captured students’ ways of using the Python program (TABLE 1). 

The fifth key operation is to employ temporal analysis methods after re-
searchers have decided what counts as an event. In sub-study I, I critically ana-
lysed the differences and commonalities amongst the different temporal analysis 
methods, which Molenaar (2014), for example, has called for. When choosing the 
appropriate method, again, it is crucial to keep in mind the specified temporal 
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aspects of CSCL that have to be studied from the events to address the research 
aims. The sixth key operation is to interpret the outcomes based on the chosen 
temporal analysis methods by conducting possible data and method triangula-
tion. Note that temporal analysis may require interdisciplinary research collabo-
ration to ensure that the data and methods are properly chosen and employed 
and that the results are accurately interpreted (Wise & Schwarz, 2017). It is no 
longer rare that a learning scientist, a computer scientist and an expert in signal 
processing work together to better understand learning as a process unfolding 
over time. 

Although the proposed key operations for analysing the temporal aspects 
of CSCL can provide a roadmap for future studies, there is still a need to adapt 
the operations to different theoretical and methodological frameworks in CSCL 
research. For example, Van Laer and Elen (2018) proposed a framework for se-
quence analysis in the field of self-regulated learning. Next, I offer my reflections 
on the first steps that I took when implementing the key operations to study the 
temporal aspects of CSCL in the context of scaffolded inquiry. 

7.2 Reflections on the temporal analysis of computer-supported 
collaborative inquiry-based learning 

With respect to the methodological aim and advancing temporal analysis meth-
ods to study CSCIL (sub-studies III and IV), the question may arise of whether 
there should be theoretically framed research aims that guide the development 
of methods. However, I agree with Reimann (2019, p. 4), who noted that available 
methods always play a role in the research aims proposed and explanations sug-
gested. When visualising the CSCIL processes of two groups in sub-study III (n 
= 10), I found that the most frequent IBL sequences characterised the challenges 
and productive practices of these groups. Without information about the time 
instants of the sequences, however, the interpretation of the sequences became 
challenging. First, although another group in sub-study III (see FIGURE 4) had 
the most frequent sequence between the orientation and investigation phases, 
orienting and investigating, or even the sequence itself, were not enhancing or 
hindering CSCIL; however, the temporal emergences of this sequence around the 
mid-point of the CSCIL process might have caused some group members to ex-
perience frustration (cf. Perez et al., 2017). This frustration probably contributed 
to making conclusions without data supporting any of the options given and thus 
led to an incorrect solution. 

Second, monitoring the time instants of the sequences was necessary from 
the viewpoint of studying the intertwining role of the Python program in these 
sequences. The group’s challenges to implement the planned data collection ac-
tivities (the deep-level use of the Python program in the investigation phase) in 
their practice (the surface-level use of the Python program in the investigation 
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phase; see TABLE 2 and FIGURE 4) were temporally intertwined with the most 
frequent sequence between the orientation and investigation phases. 

Third, the time instants of the sequences helped in finding the general pro-
gress of learning, as individual sequences are sometimes challenging to interpret 
(Csanadi et al., 2018). I implemented this idea of studying the general progress of 
CSCIL in sub-study IV, in which I developed TLSA. TLSA showed how the IBL 
sequences that had at least moderate positive association emerged as a function 
of time. TLSA together with TLDA enabled me to study the intertwining role of 
the Python program in the IBL sequences of 46 groups (N = 231). An advantage 
of both the visualisations and TLSA is that these methods combine the different 
conventions to refer to temporality (section 3.2): I showed how the IBL sequences 
emerged as time flows (Knight et al., 2017) in an authentic higher education con-
text. 

With respect to the empirical aim, I analysed the temporal aspects of CSCIL 
to design scaffolds (sub-study III) and analyse their role in CSCIL (sub-study IV) 
because researchers widely see scaffolding as crucial to achieve the benefits of 
CSCIL. In the context of the practice phase of the primetime learning model (sub-
study II), scaffolds implemented in the technological learning environment can 
be beneficial because no teacher is present in these group working sessions. 
When designing scaffolds, I focused on the random walk problem (FIGURE 3), 
in which students had to (i) run the Python program with different values of the 
number of collisions and (ii) run the Python program multiple times with the 
same value of the number of collisions to infer the time dependence of the aver-
aged value of the displacement. I recognised students’ challenges when making 
connections between the concepts and variables of the random walk assignment 
and the representations of those concepts and variables in the video, Python pro-
gram and output of the Python program (TABLE 3). These challenges emerged, 
for example, as repetitive sequences between the orientation and investigation 
phases, which were intertwined with the students’ ways of using the Python pro-
gram (FIGURE 4). 

Regarding the design of the scaffolds, first, I aimed to address the identified 
challenges by scaffolding ‘sense-making’ as a science inquiry component (Quin-
tana et al., 2004). I provided guiding questions to make connections between the 
assignment, video and Python program. Second, I scaffolded ‘process manage-
ment’ as a science inquiry component (Quintana et al., 2004). I provided implicit 
task decompositions for the different IBL phases. Finally, I scaffolded ‘articula-
tion and reflection’ as a science inquiry component (Quintana et al., 2004). I fos-
tered justifications and joint planning. As a result, I designed the writing and 
script scaffolds, as shown in TABLE 3, and implemented them in the technologi-
cal learning environment. 

Findings of sub-study IV showed no differences in the descriptive statistics 
regarding the use of the Python program amongst the writing scaffolded, script 
scaffolded and non-scaffolded conditions. However, TLDA revealed that the 
temporal use of the Python program in the writing scaffolded condition differed 
from that in the script scaffolded and non-scaffolded conditions (FIGURE 5): the 
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writing scaffold guided groups to use the Python program more frequently at the 
beginning of CSCIL. To interpret whether and how this temporal difference in 
the students’ ways of using the Python program emerged in their face-to-face 
interaction, I conducted TLSA (FIGURE 6). TLSA results revealed three tempo-
rally separate IBL sequence clusters, which captured the general progress of 
CSCIL (cf. the IBL framework by Pedaste et al., 2015, p. 56). This general progress 
was similar in the writing scaffolded, script scaffolded and non-scaffolded con-
ditions, but the actual content and temporal emergence of the IBL sequence clus-
ters in the writing scaffolded condition differed from those of the IBL sequence 
clusters in the other conditions. The findings of TLDA and TLSA reveal that the 
writing scaffold played the most significant role at the beginning of CSCIL. In the 
writing scaffolded condition, after the students familiarised themselves with the 
Python program at the beginning of CSCIL, the first IBL sequence cluster 
emerged notably later with more diverse content compared with the other con-
ditions. In the writing scaffolded condition, the orientation phase was associated 
with the discussion phase, and the conceptualisation occurred temporally close 
to the orientation phase. 

In the script scaffolded condition and particularly in the non-scaffolded 
condition, the first IBL sequence cluster associated with the orientation phase oc-
curred temporally separate from the other IBL sequence clusters. In the non-scaf-
folded condition (and partly in the script scaffolded condition), this first IBL se-
quence cluster emerged before the students started familiarising themselves with 
the Python program, which was a desirable outcome of the orientation phase (see 
TABLE 3). Contrary to the writing scaffolded condition, the conceptualisation 
phase was temporally part of the IBL sequence cluster associated with the inves-
tigation phase in the script scaffolded and non-scaffolded conditions. The third 
IBL sequence cluster associated with the conclusion and discussion phases 
emerged at the same time in all three conditions. Thus, the differences amongst 
the conditions decreased towards the end of the CSCIL processes, which high-
lighted the need to account for the temporal aspects in the context of scaffolded 
inquiry. For example, approaches based on variable-centred variance theory as-
sume independent variables continuously acting on dependent variables as a 
function of time (Reimann, 2009). 

Regarding the role of the writing scaffold in CSCIL, this scaffold encour-
aged a ‘think-before-act’ attitude in face-to-face interaction, which has been seen 
as an advantage of asynchronous online discussions (Clark et al., 2003; Cohen & 
Scardamalia, 1998; Veerman et al., 2000; Zion, 2008; Zion et al., 2005). Moreover, 
it seemed to foster reflection in the groups because sequences associated with the 
discussion phase were present throughout the CSCIL processes in the writing 
scaffolded condition (reflection-in-action, Pedaste et al., 2015, p. 57). Regarding 
the role of the script scaffold in CSCIL, it seems that students ignored the script 
scaffold from the very beginning of the CSCIL process (see details in sub-study 
IV). This indicates a need to reconsider the implementation of the script scaffold 
to ensure that students will engage in the different roles given by the script. Tem-
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poral analysis could then be an effective approach to study the differences be-
tween the learning activities that the script is designed to foster and the activities 
that actually take place in the script scaffolded condition (see Dillenbourg & Jer-
mann, 2007; Kobbe et al., 2007). 

7.3 Ethical reflections 

When conducting this study, I followed the ethical guidelines of the Finnish Ad-
visory Board of Research Integrity (2012). The participants of my study were 
adults (over 18 years of age), and they gave written consent regarding their par-
ticipation in the study. The participants were informed that they were free to opt 
out of the study at any time, both in the written consent and orally when present-
ing the purpose of the study in an understandable way. I was a teacher for two 
of the three courses from where the data were collected; however, I was not pre-
sent in the practice phase of the primetime learning model (sub-study II), which 
was the focus of this study. I taught the follow-up groups, who video- and audio-
recorded their group working sessions, so none the groups lacked extra attention 
from me because of their participation in the study. In the joint meetings between 
a group and me, we occasionally talked about the technical problems regarding 
data collection (e.g. the microphone of the laptop did not work correctly); other-
wise, the research did not affect the teaching that the follow-up groups received. 
In the transcriptions based on the screen-capture video and audio data (sub-stud-
ies III and IV), I used pseudonyms. Log data in sub-study IV were analysed in a 
way that individual groups and students could not be recognised. The data were 
collected in 2016 and 2017 and were stored according to the University’s Ethic 
Committee Guidelines of that time. 

7.4 Limitations and reflections on the reliability and validity 

The outcomes of my study advance the temporal analysis of CSCL and illuminate 
the potential of the developed temporal analysis methods in the context of 
scaffolded inquiry; however, the study also has some limitations. First, the 
temporal analysis procedure and key operations (sub-study I) were based on a 
broad range of prior research (systematic literature review of 78 articles) that 
increases their validity to study the temporal aspects of CSCIL in sub-studies III 
and IV. However, the key operations were temporally the last outcome of my 
PhD studies; therefore, I could have more thoroughly elaborated the choices in 
some operations. In particular, different implementations of the key operations 
(e.g. different conceptualisations of events or temporal analysis methods) might 
have provided a different lens through which the challenges in the students’ 
CSCIL processes could have differently appeared (see also Chen et al., 2019; 
Dalland et al., 2020). For example, TLSA labelled one time instant for each IBL 
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sequence, so the findings of TLSA did not allow studying possible repeated loops 
amongst the different IBL phases in sub-study IV. To increase the reliability and 
validity of the findings, I used different data sources (screen-capture videos, 
audio recordings and log data), conceptualisations of events (communication 
episodes and units and non-verbal activities showing the runs with the Python 
program with the timestamps) and methods (visualisations, TLSA and TLDA) in 
sub-studies III and IV (see TABLE 1). I also made these choices and 
implementations in the different key operations transparent. 

Second, the inter-rater agreement, when coding the events to the different 
IBL phases in sub-studies III and IV, showed that capturing ‘units of meaning’ 
(Henri, 1992, p. 134) – that is, communication episodes – from the transcriptions 
was not unambiguous. To improve the reliability of the findings, I created coding 
manuals presenting example episodes from each IBL phases along with the rea-
soning for why the example captured a ‘unit of meaning’. To guarantee the va-
lidity of the coding, I chose the example episodes from the original transcriptions. 
These coding manuals are provided in sub-studies III and IV to make the coding 
procedure transparent. Moreover, one researcher, in addition to me, inde-
pendently coded communication episodes to the different IBL phases (see details 
in sub-studies III and IV). Because the different IBL activities are not separate but 
may overlap and interconnect (Rönnebeck et al., 2016), a communication episode 
might also include the characteristics of the different IBL phases. Thus, the dif-
ferences amongst the IBL phases were sometimes unclear, particularly when con-
sidering the distinctions between the orientation and conceptualisation phases. 
These disagreements were resolved on demand in the common meetings with all 
the co-authors of sub-studies III and IV. 

Third, when examining the groups’ IBL sequences and their ways of using 
the Python program, I did not evaluate the groups’ different activities when pre-
senting the outcomes in sections 6.1.6 and 6.2.6. For example, when students for-
mulated research questions or hypotheses for the random walk problem in the 
conceptualisation phase, I did not consider the rationality or format of the ques-
tions or hypotheses. Again, to improve reliability and validity, I used different 
data sources, conceptualisation of events and methods: in sub-study III, I as-
sessed individual students’ contributions to the CSCIL process by coding 
whether an utterance moved the group towards or away from the goal of the 
inquiry. These findings aligned with those presented in section 6.1, as the group 
that did correctly solve the problem included students moving the group to-
wards the goal, whereas another group included students moving away from the 
goal. 

Finally, I addressed the empirical aim of the study by focusing on one ther-
modynamics-related problem; therefore, the empirical findings should be gener-
alised to other contexts with caution. Despite these limitations, this study pro-
vides many theoretical, methodological and practical implications as well as sug-
gestions for future research, which I describe next. 
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7.5 Implications and future directions 

In terms of theoretical implications, first, this study contributed to establishing 
practices for analysing the temporal aspects of CSCL by defining the key opera-
tions for the analysis of these aspects (sub-study I). On studying the implemen-
tations of the key operations (sub-study I and sections 5.1–5.6), I found implicit 
conceptualisations of the temporal aspects of CSCL. In particular, when the tem-
poral aspects of CSCL are defined as focusing on the characteristics of or interre-
lations between events over time, the events are related to learner interaction (e.g. 
who is talking; sub-study III), ideas and thoughts developed during the interac-
tion (e.g. what is talked about; sub-studies III and IV) and the use of technological 
resources to mediate the interaction (e.g. what non-verbal activities are con-
ducted; sub-studies III and IV). The definition highlights the different aspects 
present in CSCL (learner interaction, ideas and thoughts developed during the 
interaction and the use of technological resources to mediate the interaction). 
Temporal analysis is a tool used to study how these aspects intertwine, leading 
to better understanding of CSCL as a process unfolding over time. The systematic 
literature review performed in sub-study I and the review article by Dado and 
Bodemer (2017) showed that the mediating role of the technological resources is 
often neglected in CSCL research (see also Bernhard, 2018; Chen et al., 2019). To 
date, the temporal analysis of CSCL has mostly been based on the sequences of 
events related to learner online interaction (analysed by conducting social net-
work analysis) and to the ideas and thoughts developed in the online interaction 
(analysed by conducting sequential analysis). This study attempted to address 
this research gap by focusing on the mediating role of technological resources 
when developing ideas and thoughts in CSCIL during face-to-face interaction, 
but more research is needed in the future. 

Second, the results of sub-study IV showed that CSCIL taking place in face-
to-face interaction was divided into three temporally separate IBL sequence clus-
ters: the first cluster was associated with the orientation phase, the second with 
the investigation phase and the third with the conclusion and discussion phases. 
Although the actual content and temporal emergence of the IBL sequence clusters 
varied between the scaffolded and non-scaffolded conditions, TLSA was able to 
capture the general progress of non-linear CSCIL processes. These results illus-
trated the realised pathways of inquiry in CSCL settings (cf. the IBL framework 
by Pedaste et al., 2015, p. 56). Moreover, the results based on TLDA (and the find-
ings of sub-study III) indicated that the students’ ways of using the available 
technological resources for inquiry play an important role in the observed se-
quences and progress of inquiry. In the future, how the observed temporal as-
pects of CSCIL moderate learning outcomes needs to be examined. In addition, 
observing the development of IBL sequence clusters and the use of technological 
resources over longer periods could provide indications about the development 
of students’ inquiry and technological skills. 
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With respect to methodological implications, first, I advanced temporal 
analysis methods (visualisations, TLDA and TLSA) to study the temporally in-
tertwining aspects of CSCIL. Visualisations of two groups’ CSCIL processes (n = 
10 in sub-study III) enabled me to determine how the most frequent IBL se-
quences and the use of the Python program in these sequences characterised the 
learning progress. These findings guided the development of TLDA and TLSA, 
which have the potential to examine CSCIL of large sample sizes (46 groups, N = 
231 in sub-study IV). Overall, these methods present information about the tem-
poral aspects of CSCIL in compact and comprehensive ways, which assists in 
coping with the increased size of data sets. In the future, the methods presented 
in this study could be applied in other contexts. Moreover, these methods could 
enhance learning and teaching practices in addition to the research purposes. Be-
cause visualisations of CSCIL make learning processes visible from the viewpoint 
of inquiry and the use of technological resources, they could be used, for example, 
in group awareness tools. In the meta-analysis by Chen et al. (2018), group aware-
ness tools were seen as one of the most promising ways to enhance both CSCL 
processes and outcomes (see one practical implementation in Tissenbaum & 
Slotta, 2019). 

Second, this study provides guidelines for designing methodological exper-
iments in a systematic way. In the future, with the help of the proposed key op-
erations for analysing the temporal aspects of CSCL (sub-study I) and advanced 
methods (sub-studies III and IV), it would be worth considering what kind of 
process data (e.g. audio, eye-tracking, log, physiological or video data) is needed 
to address the theoretically framed research aims. The conceptualisation of 
events from the process data and the choice of temporal analysis methods also 
play a crucial role in properly addressing the aims. 

Regarding practical implications, first, I showed how CSCIL occurred in an 
authentic higher education context (sub-studies III and IV); this may help teach-
ers when they design and implement CSCIL in their instructional practices (sub-
study II). In sub-study IV, I illustrated how the writing and script scaffolds tem-
porally changed students’ CSCIL compared with the non-scaffolded condition 
by conducting TLDA and TLSA in parallel. In the future, these findings could 
promote the development of adaptive scaffolding when more information about 
the associations between the log data and other process data (e.g. video, audio or 
online discussions) is found. Although the idea of adaptive scaffolding is not new 
(see e.g. Kollar et al., 2007), research on it is still in progress (de Jong, 2019). Real-
time monitoring of CSCIL activities based on log data could lead to the creation 
of scaffolds or other forms of guidance in real time when a technological learning 
environment monitors undesired behaviour (see Perez et al., 2017; Popov et al., 
2017). Moreover, natural language processing of students’ written responses (as 
in the writing scaffolded condition) could automatically further adapt the scaf-
folds to the needs of a particular group in face-to-face interaction (see e.g. Uribe 
et al., 2020). Regarding the development of the primetime learning model (and 
other learning and teaching approaches; see sub-study II), adaptive scaffolding 
can further redirect teaching resources to intimate meetings with students. 
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Second, temporal analysis can provide input when developing the ap-
proaches for analysing ‘the performance in context’ (Shaffer et al., 2009, p. 34; see 
also Blikstein & Worsley, 2016; Swiecki et al., 2020). Namely, the mastery of basic 
facts and concepts is not sufficient and students have to learn how to effectively 
use different resources when solving problems (Jeong & Hmelo-Silver, 2010). For 
example, numerical problem-solving tools are increasingly important for future 
natural scientists, but learning to use those tools requires skills from many disci-
plines (physics, mathematics and computer science; Taub et al., 2015). In the fu-
ture, collaborative problem-solving associated with numerical problem-solving 
tools (such as Python programs) could be examined as a construct requiring in-
quiry, computational thinking and mathematical problem-solving skills (Pedaste 
et al., 2019), in addition to the generic collaborative problem-solving skills (Hesse 
et al., 2015). This kind of research could contribute to the development of the 
practice phase of the primetime learning model (sub-study II) in terms of its 
CSCIL activities, the scaffolds needed for students to be able to perform the ac-
tivities and the assessment of CSCIL.



 

8 CONCLUSIONS 

Learning is a dynamic process that unfolds over time (Kapur, 2011; Mercer, 2008). 
In addition to trying to capture this dynamism with variables and their (co-)var-
iance, analysing the temporal aspects of learning could provide valuable insights 
into how learning occurs. Theoretically, I have developed a temporal analysis pro-
cedure for CSCL on the basis of a systematic literature review of 78 journal arti-
cles. The procedure includes six key operations for analysing the temporal as-
pects of CSCL. I applied the procedure in undergraduate physics courses, where 
IBL is a popular pedagogical approach in CSCL settings. Methodologically, I ad-
vanced temporal analysis methods to study CSCIL as a process unfolding over 
time in face-to-face interaction. Empirically, I designed scaffolds for CSCIL (n = 
10, two groups of five students) and then studied their role in CSCIL (N = 231, 46 
groups) by employing the proposed key operations and advanced methods. 

In this study, first, I found that the challenges and productive practices that 
occurred when the students used a technological resource for inquiry (the Python 
program) were temporally intertwined with the specific IBL sequences. For ex-
ample, the challenge of conducting the planned data collection activities in prac-
tice was temporally intertwined with the repetitive sequences between the orien-
tation and investigation phases. I used these results to design writing and script 
scaffolds that mainly provide procedural assistance with hints on how to use the 
Python program as a part of CSCIL. I implemented these scaffolds in the techno-
logical learning environment. Second, I found the temporal differences amongst 
the writing scaffolded, script scaffolded and non-scaffolded conditions in the use 
of the Python program. These differences were associated with the differences in 
the content and temporal emergence of three IBL sequence clusters. In general, 
the first cluster was associated with the orientation phase, the second with the 
investigation phase and the third with the conclusion and discussion phases. The 
findings showed that the writing scaffold guided the students to familiarise 
themselves with the Python program before engaging in the inquiry and vice 
versa for the groups in the script scaffolded and non-scaffolded conditions. The 
writing scaffold specifically fostered joint thinking and reflection because the dis-
cussion was part of every IBL sequence cluster in this condition. 
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The findings of this study showed that temporal analysis may reveal the 
aspects of CSCIL that would otherwise be hidden. The adaption of the proposed 
key operations for analysing the temporal aspects of CSCL may increase the com-
parability and commensurability of future studies. By paying more attention to 
the temporal aspects of learning, we can better understand the premises for suc-
cessful learning. 
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YHTEENVETO 

Tietokoneavusteisen yhteisöllisen oppimisen (eng. computer-supported collabo-
rative learning, CSCL) tutkimus alkoi vertailemalla teknologiatuetussa tai yhtei-
söllisessä oppimisessa saavutettuja oppimistuloksia teknologiattomaan tai yksin 
tapahtuvaan oppimiseen. CSCL-tutkimuksessa on selvitetty myös erilaisten tek-
nologisten työkalujen ja laitteiden sekä pedagogisten lähestymistapojen vaiku-
tusta oppimiseen (ks. esim. Chen ym., 2018). Sen lisäksi, että CSCL-tutkimuk-
sessa vastaamme kysymykseen ’mitä oppimista tapahtuu’, on tärkeä etsiä vastauk-
sia kysymykseen ’miten oppiminen tapahtuu’ (Ludvigsen & Steier, 2019, s. 3). Vas-
taamalla tähän jälkimmäiseen kysymykseen voimme ymmärtää paremmin, mil-
loin teknologiat ja yhteisöllinen oppiminen edistävät asetettujen tavoitteiden saa-
vuttamista. Koska oppiminen on ajallisesti kehittyvä dynaaminen prosessi (Ka-
pur, 2011; Mercer, 2008), muuttujiin ja niiden vaihteluun (varianssiin ja kovari-
anssiin) perustuva tutkimus ei välttämättä riitä tämän dynaamisuuden tarkaste-
luun. Muuttujiin perustuvan tilastollisen päättelyn lisäksi oppimisen ajallinen 
tarkastelu voi tuottaa hyödyllistä tietoa siitä, miten oppiminen tapahtuu. 

Väitöskirjani tavoitteena oli kehittää CSCL:n ajallista tarkastelua tuetun tut-
kivan oppimisen kontekstissa. Teoreettisena tuotoksena kehitin menettelytavan 
CSCL:n ajalliseen tarkasteluun (osatutkimus I). Menettelytavan kehittäminen pe-
rustui systemaattiseen kirjallisuuskatsaukseen, joka sisälsi 78 kansainvälistä ver-
taisarvioitua tieteellistä artikkelia. Menettelytapa sisälsi kuusi avainoperaatioita, 
joiden avulla CSCL:n ajallisia näkökulmia voidaan tutkia. Sovelsin menettelyta-
paa yliopistofysiikan peruskursseilla, joilla oppiminen ja opetus perustuivat pri-
metime learning -toimintamalliin, joka on esitelty yksityiskohtaisesti osatutki-
muksessa II. Toimintamallissa keskeisiä ovat viikoittaiset ryhmätunnit, joissa 
4─6 opiskelijan ryhmät kokoontuvat kasvokkain ja ratkaisevat teknologisessa 
oppimisympäristössä olevia ongelmia ilman opettajaa. Luonnontieteiden ope-
tuksessa tutkiva oppiminen on suosittu pedagoginen lähestymistapa CSCL:ää 
hyödynnettäessä. Ryhmätunnit sisälsivät niin ikään tutkivan oppimisen ongel-
mia, joiden ratkaisemissa opiskelijat käyttivät erilaisia teknologisia resursseja, 
muun muassa numeriikkaa (Python-ohjelmia). Metodologisena tuotoksena kehi-
tin oppimisen ajalliseen tarkasteluun menetelmiä, joita hyödynsin tämän tieto-
koneavusteisen yhteisöllisen tutkivan oppimisen (eng. computer-supported col-
laborative inquiry-based learning, CSCIL) tarkastelussa (osatutkimukset III ja IV). 
Empiirisenä tuotoksena suunnittelin tukimuotoja CSCIL:ään (n = 10, kaksi viiden 
opiskelijan ryhmää) tarkastelemalla, miten oppiminen tapahtui (osatutkimus III). 
Lisäksi tutkin tukimuotojen roolia näissä oppimisprosesseissa (N = 231, 46 ryh-
mää) tarkastelemalla, miten erot tuettujen ja ei-tuettujen ryhmien välille syntyivät 
ajan edetessä (osatutkimus IV). Empiirisessä osassa hyödynsin kehittämiäni ajal-
lisen tarkastelun avainoperaatioita ja menetelmiä. 

Ryhmätuntien haasteet ja toimivat käytänteet, kun ryhmät hyödynsivät tek-
nologisia resursseja (nyt Python-ohjelmaa) tutkivassa oppimisessa, olivat ajalli-
sesti yhteydessä tiettyihin tutkivan oppimisen ketjuihin eli siirtymiin tutkivan 
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oppimisen vaiheiden välillä. Jos ryhmällä oli haasteita esimerkiksi toteuttaa Pyt-
hon-ohjelmalla suunnittelemaansa aineiston keräämistä, tämä haaste ilmeni tois-
tuvana ketjuna tutkimus- ja orientaatiovaiheiden välillä. Hyödynsin näitä tulok-
sia, kun suunnittelin joko kirjoittamiseen tai skriptaamiseen (eräänlainen käsikir-
joitus, joka sisälsi opiskelijoille osoitettuja rooleja) perustuvaa tukea, jotka mo-
lemmat tarjosivat opiskelijoille tukea ja vihjeitä, miten edetä ja hyödyntää Pyt-
hon-ohjelmaa eri tutkivan oppimisen vaiheissa. Lisäsin nämä tukimuodot kurs-
seilla käytössä olleeseen teknologiseen oppimisympäristöön. 

CSCIL:n ajallinen tarkastelu paljasti tukimuotojen roolista näkökulmia, 
jotka olisivat jääneet muutoin huomaamatta. Vaikka kaikki ryhmät keräsivät Pyt-
hon-ohjelmalla keskimäärin yhtä paljon aineistoa, kirjoittamiseen perustuva tuki 
ohjasi ryhmiä tutustumaan Python-ohjelmaan ennen varsinaisen tutkivan oppi-
misprosessin aloittamista ja päinvastoin skriptaamiseen perustuvassa sekä ei-tu-
kimuotoja sisältäneessä tilanteessa. Nämä ajalliset erot olivat yhteydessä tutki-
van oppimisen ketjuryppäiden sisältöön ja havaittuun ajankohtaan oppimispro-
sessissa. Yleisesti ottaen ensimmäinen rypäs sisälsi orientoitumiseen liittyviä ket-
juja, toinen rypäs tutkimiseen liittyviä ketjuja ja kolmas rypäs johtopäätöksiin 
sekä pohdintaan liittyviä ketjuja. Kirjoittamiseen perustuva tuki edisti ryhmän 
yhteistä ajattelua ja reflektiota, sillä pohdintaan liittyviä ketjuja oli kaikissa ket-
juryppäissä. 

Väitöskirjani teoreettisena seurauksena voi olla ajalliseen tarkasteluun kes-
kittyvien tutkimusten vertailtavuuden ja yhteismitallisuuden paraneminen, kun 
kehittämäni avainoperaatiot edesauttavat ajallisen tarkastelun menettelytapojen 
vakiinnuttamista. Nämä vakiintuneet menettelytavat voivat lisätä myös teo-
rialähtöisempää tutkimusta, jossa tavoitteena voi olla teorian kehittäminen ajal-
lisen tarkastelun avulla. Väitöskirjani metodologisena seurauksena on uudet ajal-
liseen tarkasteluun sopivat menetelmät, joita voi soveltaa myös muissa kuin tue-
tun tutkivan oppimisen konteksteissa. Lisäksi esittelemäni avainoperaatiot 
CSCL:n ajalliseen tarkasteluun voivat auttaa erilaisten metodologisten kokeilu-
jen suunnittelua. Oppimisen ja opetuksen kehittämisen näkökulmasta väitöskir-
jani kuvasi, miten CSCIL tapahtuu autenttisessa yliopistokontekstissa. Lisäksi 
näytin, miten kirjoittamiseen ja skriptaamiseen perustuvat tukimuodot ajallisesti 
muuttivat CSCIL-prosesseja verrattuna ei-tukea sisältäneeseen tilanteeseen. Eri-
tyisesti lokiaineiston ajallinen tarkastelu voi tulevaisuudessa hyödyttää oppimi-
sen oikea-aikaista tukemista, kun lokiaineiston ja muun prosessiaineiston (esi-
merkiksi videon, äänen tai verkkokeskustelujen) yhteyksiä ymmärretään parem-
min (ks. osatutkimuksen IV lisäksi esim. Perez ym., 2017; Popov ym., 2017). Myös 
luonnollisen kielen käsittelyyn perustuvia menetelmiä voisi hyödyntää kirjoitta-
miseen perustuvan tuen mukauttamisessa opiskelijoiden kirjoittamien syöttei-
den perusteella (ks. esim. Uribe ym., 2020). Teknologiaperustaisten tukimuotojen 
kehittäminen voi edesauttaa esimerkiksi primetime learning -toimintamallin ke-
hittämistä, kun vapautuneita opetusresursseja voi kohdentaa aitoihin kohtaami-
siin opiskelijoiden kanssa. 
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Tulevaisuudessa erilaisia aineistoja ja ajalliseen tarkasteluun sopivia mene-
telmiä hyödyntämällä oppimisen dynaamisuutta on mahdollista ymmärtää pa-
remmin. Kun kasvatustieteissäkin vakiintunutta muuttujiin perustuvaa tilastol-
lista päättelyä täydennetään oppimisen ajallisella tarkastelulla, voimme ymmär-
tää paremmin, miten hyvää oppimista tapahtuu.
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Primetime learning: collaborative and
technology-enhanced studying with
genuine teacher presence
Pekka Koskinen1* , Joni Lämsä2, Jussi Maunuksela1, Raija Hämäläinen2 and Jouni Viiri3

Abstract

Background: Productive learning processes and good learning outcomes can be attained by applying the basic
elements of active learning. The basic elements include fostering discussions and disputations, facing alternative
conceptions, and focusing on conceptual understanding. However, in the face of poor course retention and high
dropout rates, even learning outcomes can become of secondary importance. To address these challenges, we
developed a research-based instructional strategy, the primetime learning model. We devised the model by organizing
the basic elements of active learning into a theory-based four-step study process. The model is based on collaborative
and technology-enhanced learning, on versatile formative assessment without a final exam, and on genuine teacher
presence through intimate meetings between students and teachers.

Results: We piloted the model in two university physics courses on thermodynamics and optics and observed persistent
student activity, improved retention, and good learning outcomes. Feedback suggested that most students were satisfied
with the learning experience.

Conclusions: The model suits particularly well for courses that, in addition to the teaching subject itself, focus on
teaching balanced study habits and strengthening social integration. By its very construction, it also helps the
propagation of research-based instructional strategies. Although the model does contain challenges, it represents a
generic framework for learning and teaching that is flexible for further development and applicable to many subjects
and levels.

Keywords: Teacher presence, Instructional strategies, Collaborative learning, Technology-enhanced learning

Introduction
Science education research has been focusing on improving
learning outcomes (Deslauriers et al. 2011; Freeman et al.
2014; Hake 1998). The outcomes have been measured by
how well students have learned the topics under study,
often reported as gains in pre- and posttests (Hake 1998).
The research results recurrently urge to avoid passive
lecture-type expositions (Burgan 2006) and to favor active
learning methods, characterized by students actively inter-
acting with fellow students and material at hand.
For both students and universities, however, learning

outcomes are not the only relevant outcomes. They alone
do not suffice. First, while teachers adopting research-

based instructional strategies report higher gains in tests,
too often the adoptions remain unsustainable (Henderson
et al. 2012). Second, courses often suffer from poor
student retention. Student activities decline as courses
advance, and many students abandon courses prema-
turely. Fallen activities lead to a persistence problem and
insinuate the gradual dropping of studying altogether
(Waldrop 2015; Zwolak et al. 2017). Third, much related
to the previous problem, too often of secondary import-
ance in course designs is the individual student’s learning
process and the overall learning experience. And yet, own
learning experience and satisfaction is crucial for the
students themselves.
Therefore, we summoned the central results from con-

temporary science education research and developed a
new research-based instructional strategy, the primetime
learning model. We aimed for a model that, in addition
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to solid learning outcomes, will improve student reten-
tion, promote research-based teaching practices, and
provide a positive learning experience. In particular, we
aimed for a model that is practical, requires minimal
equipment and physical space, and uses valuable and
limited instructional resources as efficiently as possible.
The model integrates active learning components into a
four-step study process, supports social integration and
flexibility, and requires no final exam because it draws
its power from versatile assessment. The model is trans-
formational in its institutional novelty and assessment
philosophy. In this article, in addition to introducing the
model, we attempt to answer the following questions: (1)
To what extent the model can improve retention and
prolong activity compared with much used flipped class-
room approach? (2) How well does the assessment func-
tion without an exam? (3) How do the students describe
the learning experience of the model? Answering these
questions helps to develop teaching models that address
challenges beyond learning outcomes.

The basic elements of active learning
According to Redish, the characteristics of active learning
include student centeredness, laboratories allowing guided
discoveries, explicit training for reasoning, and intellectual
activities during the class (Redish 2003). Contemporary
science education research provides a more detailed list of
various basic elements of active learning (Table 1).
The categorization of the elements in the table may

not be unique, but the literature does provide guidelines
to tell effective learning from ineffective one. Thus, any

modern learning model should be a suitable blend of
these elements. The sheer knowledge of the basic
elements is insufficient, however, as success or failure in
teaching hinges on practical implementation and course
design, as experienced both by the teachers and the
students.

The basic elements in practical course designs
The basic elements can be put into action by various
research-based instructional strategies. A few of the
well-established strategies in physics include Peer
Instruction (Crouch and Mazur 2001; Mazur 1997),
Modeling Instruction (Halloun and Hestenes 1987;
Hestenes 1987), Cooperative Group Problem Solving
(Heller and Heller 1999), Workshop Physics (Laws 1991)
, Scale-Up (Beichner et al. 2007), Just-In-Time Teaching
(Novak et al. 1999), Tutorials in Introductory Physics
(McDermott and Shaffer 2002), and many others. While
incomplete, this list demonstrates how basic elements
can be implemented at varying levels of dedication. The
first level consists of course designs, where the basic ele-
ments are merely appended on top of traditional lectur-
ing without an integrated approach to reform. While
providing a low threshold to activate traditional lectures,
this level is vulnerable to unsustainable adoption (Hen-
derson et al. 2012). The second level comprises various
types of flipped classroom strategies, where lectures are
used for peer instruction or other student-engaging
activities after the lectures’ topics have been studied at
home from videos or textbooks (Crouch and Mazur
2001; Mazur 1997). These methods are much in vogue,

Table 1 The basic elements of active learning and examples for related attitudes and realizations

Basic element Central findings

Interaction (In) Allow students to interact with peers and teachers to articulate thoughts and arguments, challenge alternative
conceptions, meet mistakes head-on and correct them (Heller et al. 1992; Herrmann 2013; Knight 2004b;
Smith et al. 2009; Springer et al. 1999).

Technology enhancement (Te) Use videos, animations, applets, simulations, and numerical exercises. Technology provides various viewpoints
and controls cognitive load under well-instructed usage (De Jong and Njoo 1992; Muller et al. 2007;
Schmid et al. 2014; Wagh et al. 2017; Wieman and Perkins 2005; Wieman et al. 2008).

Alternative conceptions (Al) Do not disregard alternative conceptions, but acknowledge them and face them head-on (Beatty et al. 2006;
Muller et al. 2007).

Study phenomena (Ph) Place phenomena above abstractions and use everyday experiences to keep students on the same track; use
context-rich, real-life problems (Heller and Hollabaugh 1992; Wieman and Perkins 2005).

Focus on concepts (Co) Avoid problems with symbol manipulations and focus on concepts instead. Even math problems sprout on
conceptual problems (Dufresne and Gerace 2004; Wieman et al. 2008).

Problem-solving skills (Pr) Teach and enforce explicit problem-solving strategies (Heller et al. 1992; Heller and Hollabaugh 1992;
Maloney 2011; McDermott and Redish 1999; Pedaste et al. 2015).

Self-assessment and reflection (Se) Train metacognition by systematically promoting reflections (Beatty et al. 2006).

Feedback and formative
assessment (Fo)

Give continuous and immediate feedback and build assessment that supports studying while it happens
(Beatty and Gerace 2009; Dihoff et al. 2004; Dufresne and Gerace 2004; Hattie and Timperley 2007).

Multiple representations (Re) Take advantage of context-richness, video and audio, and verbal, mathematical, and graphical representations
(Heller and Hollabaugh 1992; Knight 2004a, 2004b; Treagust et al. 2017).

Adaptability (Ad) Allow flexible and adaptable study tempo and goals and provide personal feedback
(Kulik et al. 1990; Raes et al. 2014).
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as the course designs are still based on a safe and famil-
iar setting of one teacher meeting the entire class in a
class or an auditorium (Andrews et al. 2011). The third
level of dedication blurs the distinction between lectures
and recitation classes, and the students get immersed in
various productive activities that happen in laboratories,
studios, or computer classrooms. Related course designs
are transformational compared with traditional lecturing
and require more dramatic changes to teaching practices.
On large-enrollment classes, the status of the lecture

is particularly prominent. Although active elements may
make large lectures more engaging, the framework of
one teacher and an auditorium full of students is prob-
lematic. Discussions are restricted by concerted tempo.
The teacher is limited to occasional interactions with a
few students, usually in the front rows. While this inter-
action may help the teacher to tune teaching, most stu-
dents remain unheeded. Since there is not enough time
available for everybody, student conversations may drift
off the point, and collaborations succumb to pitfalls that
make them unproductive (James and Willoughby 2011).
And although brief interactions during lectures may for
some students cultivate social integration, for other
students they do not; it is easy for students to leave the
flipped classroom without lasting social bonds, particu-
larly for the students that otherwise prefer studying
alone. In ordinary lectures, the flexibility and adaptability
of student activities always remain highly restricted.
There are also other problems. Many strategies focus on

restricted aspects of student activities. Some strategies
have the downside of requiring dedicated, computer-
equipped classrooms, whose high cost may be a hindrance
(Dori et al. 2007). Often strategies focus more on student
activities, less on assessment (Wieman et al. 2009). Alas,
assessment dictates how students direct their study efforts
in practice (Snyder 1971). Even with active learning
methods, an unfavorably planned assessment can become
“the silent killer of learning,” as Eric Mazur put it, and
undermine teacher’s good intentions. In the literature, there
are teaching methods that include several basic elements,
including social integration, assessment, and multiple prac-
tices of student activation (Wells and Hestenes 1995), but
we felt that there is a demand for a new method that com-
bines the basic elements with limited institutional require-
ments and a high degree of practicality.

The primetime learning model
Thus, our goal was to summon all the lessons learned from
science education research and to develop a new, practical
course design. We wanted the design to (i) include the
basic elements of active learning to retain the good learning
outcomes; (ii) be based on an assessment that improves
student commitment, to promote balanced study load, and
to direct students’ attention to the study process itself—to

where it belongs; and (iii) support social and academic inte-
gration to reduce student drop-off (Tinto 1975).
The process of developing and refining the model took

well over a year and happened within a university-wide
community of 10–20 developing and practicing teachers
and researchers from various branches of education re-
search. This process enabled us to achieve both practical
and theoretically sound learning model.

Model is based on fixed groups
First, we note that many basic elements in Table 1 can be
used efficiently by dividing the students into small groups.
Groups provide a natural foundation for peer support
(Nussbaum et al. 2009), for engaging activities, for student
interactions, for facilitating formative assessment, and for
implementing the course design in practice (Enghag et al.
2009; Heller et al. 1992; Springer et al. 1999). Groups are
efficient vehicles to support familiarity, integration, and
safe environment and to foster the feeling of belonging
(Wilcox et al. 2005). These benefits even strengthen when
groups are fixed and remain the same throughout the
course. The relationships in the groups anchor the
students into studying and help to address the persistence
problem (Waldrop 2015). Most importantly, acquiring
compatible friends through grouping can improve student
retention (Salomone and Kling 2017) and lower drop-off
rates (Wilcox et al. 2005), the very challenges we aim to
address. Thus, our starting point to developing the model
was to divide the students into small groups.

Devising a new course design: arranging active learning
elements into a timeline
Apart from fixed groups, we founded the new course de-
sign upon the theoretical framework of the revised Bloom’s
taxonomy in knowledge dimension (Anderson and
Krathwohl 2001; Krathwohl 2002). In this taxonomy, know-
ledge is divided into four levels: factual, conceptual, proced-
ural, and metacognitive knowledge. Guided by this
taxonomy, we arranged the study process according to four
successive but temporally separate steps or sessions. The
first session is about gathering and remembering the factual
knowledge about a given topic. The second session is about
understanding the interrelationships between the facts and
about deeper, conceptual understanding. The third session
is about procedural knowledge and about the skills of ap-
plying the concepts. The fourth session is about metacogni-
tive knowledge, about self-knowledge, and about evaluating
and analyzing one’s cognition. Each session can also be iden-
tified by pertinent cognitive processes (Fig. 1) (Anderson
and Krathwohl 2001). These four sessions provide a solid
theoretical foundation to guide the practical realization of
the study process.
Then, we juxtaposed the four sessions in Fig. 1 with the

basic elements of Table 1 and asked: What type of student
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activities the sessions should include? Which basic ele-
ments would aptly support those activities? Which activities
benefit from interaction with peers? For example, since the
first session focuses on factual knowledge, it should include
reading and absorbing new material, which can be done
alone. The relevant basic elements should then include
technology enhancement (videos and simulations in
technology-enhanced learning [TEL] environment), focus
on phenomena and concepts (supported by material),
alternative conceptions (addressed in the material), and
adaptability (personal time and tempo). After considering
the other three sessions the same way, we devised a time-
line for the study process, with basic elements included
(Table 2).

Practical realization of the four-step study process
Now we had a solid theoretical foundation and a generic
four-step process (Table 2) that we could transform into a
practical realization, the primetime learning model (Table 3).
For clarity, we also relabeled the four steps as (i) principles,
(ii) practice, (iii) problems, and (iv) primetime (Fig. 2).

Step 1. Principles: self-studying of the topic
In the first step, students use videos and a textbook to
study the principles and central concepts by themselves.
The emphasis is on learning the basics, on remembering
the factual knowledge, and on forming an overall picture
of the topic. This step is akin to the self-studying in

flipped classroom (Mazur 1997). Videos give an overview,
and textbooks expand the topic by examples and further
details. Self-studying is assessed in the end by a test in
TEL environment, which gives immediate feedback. The
test aims to motivate the students to familiarize them-
selves with the facts and principles applied in the follow-
ing steps. The instructor assembles instructional materials
for study but has minimal direct interaction with students
during this step.

Step 2. Practice: groups apply the principles
After studying the principles, the groups meet—whenever
they want, wherever they want, and without the teacher—to
put principles into practice. The emphasis is on conceptual
understanding and on uprooting alternative conceptions.
The group does this by completing a research-based set of
assignments in the TEL environment. The assignments in-
clude visualizations, PhET and other simulations (Wieman
et al. 2008), numerical problems, and context-rich,
scaffolded problem-solving (Heller and Hollabaugh 1992;
Kapur et al. 2008; Maloney 2011). Optimally, the assign-
ments are open and support inquiry-based learning pro-
cesses, which are known to increase both learning gains
and interest in science (Pedaste et al. 2015; Raes et al.
2014). Conceptual questions, familiar from peer instruction
lectures, are suitable as they are designed to address alter-
native conceptions and generate vivid discussions (Beatty et
al. 2006).
The answers to the questions are part of the assessment

and give points to group members present in the meeting,
which encourages the members to collaborate and to
secure answers by proper arguments (Smith et al. 2009).
Small group sizes help to lower the barrier to express
opinions. This organization creates positive interdepend-
ence among group members (Heller et al. 1992). After
answering the assignments, the TEL environment offers
correct answers and correct arguments immediately, as
advised by earlier research (Dihoff et al. 2004).
The meetings are flexible, and groups can make them

suit their taste. Tempo is determined by the groups’ inter-
ests, and because of the smallness of the groups, students

Fig. 1 Organizing the study process into four successive sessions of
increasing level of comprehension, according to Bloom’s revised
taxonomy in knowledge dimension

Table 2 Sketch for a four-step study process. Here, the elements of active learning from Table 1 are identified and assigned to the
study process of Fig. 1

Knowledge
dimension

Cognitive process Active elements
(from Table 1)

Example activities and notes

Factual Remember Te, Al, Ph, Co, Fo, Re, Ad Expositions, books, videos. Can be done alone. The principal active element is
technology enhancement.

Conceptual Understand In, Te, Al, Ph, Co, Se, Fo, Re, Ad Uproot alternative conceptions and ensure correct understanding. Work through
questions. The principal active element is interaction with peers.

Procedural Apply, analyze Pr, Te, Al, Ph, Co, Re, Ad Problem-solving. Concepts in real life. Calculations. The principal active element is
problem-solving skills.

Metacognitive Analyze, evaluate In, Al, Ph, Co, Se, Fo, Ad Reflect, face mistakes, look back. The teacher has a prominent role. The principal
active elements are interaction, feedback, and formative assessment.
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have better chances to address individual needs. Although
the teacher is absent, TEL environments can adopt some
of the teacher’s routine work (Bell et al. 2010; Maloney
2011; Wagh et al. 2017). Precious contact time with
teachers, as discussed later, will increase in later steps of
the study process.
Principles and practices can also repeat twice before

proceeding to the following steps. Such an arrangement
helps to balance study load and to lessen the amount of
material per session.

Step 3. Problems: Full-scale problem-solving
After the principles are known and rehearsed under the
guidance of TEL environment, students proceed to solve
full-scale problems, as familiar from traditional course
designs. The emphasis is on procedural understanding,
on analyzing realistic, context-rich problems, and on
applying the concepts in realistic settings. Problems may
be adopted from textbooks, but they should explicitly
teach problem-solving skills and go beyond mere symbol
manipulation. The problems can also be based on the

Table 3 The four-step study process of the primetime learning model. The process represents a practical realization of the sketch in
Table 2

Step Activity Realization Assessment and feedback

Principles
(factual knowledge)

Study the topic
alone.

Watch videos and read a book. Can be done
anytime, but preferably well before the next step.

Test in TEL environment. Immediate feedback
(correct answers and points).

Practice
(conceptual knowledge)

Group meets to
practice using
the principles
and concepts.

Assignments in TEL environment: conceptual
questions, simulations, numerical exercises,
short problems, and reflective assignments that
support collaborative inquiry-based learning.
Group can meet anytime and anywhere.
The teacher is not present.

TEL environment offers immediate feedback
(correct answers and points; group members
present in the meeting share the same points).

Problems
(procedural knowledge)

Apply the concepts
in full-scale
problem-solving.

Solve physics problems alone or collaboratively.
Reinforce explicit problem-solving skills.
Teacher support available when needed.
Solutions (e.g., scanned papers) are submitted
to TEL environment by a deadline.

After deadline, TEL environment reveals correct
solutions. Students grade and correct their
solutions based on given criteria. Teacher
verifies corrections and gives feedback.

Primetime
(metacognitive knowledge)

Students and the
group receive
personal support
from the teacher.

Group meets teacher privately to discuss
remaining problems and to reflect upon
learning difficulties.

Teacher gives oral feedback for the group and
each student personally.

Fig. 2 Primetime learning model with the four-step study process: principles, practice, problems, and primetime. Formative assessment underlies the
entire process and motivates students to perform activities that also directly affect the grade. This drawing is a succinct summary of the primetime
model (drawing courtesy of Linda Saukko-Rauta)
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simulations and numerical assignments used during
practice sessions. For help and guidance, the teacher
needs to be available for the students via a hotline. The
hotline means quick, precise answers for precise ques-
tions which takes only little time from the teacher.
Hotline can be arranged as scheduled availability, most
easily in an online chat (Fig. 2).
Students submit personal solutions in the TEL environ-

ment by a given deadline. An easy realization is to upload
scanned or photographed hand-written solutions. Model
solutions are published immediately after the deadline
(Dihoff et al. 2004). Assessment is designed such that
students are made to face their mistakes by letting them
check and correct their solutions, grade them based on
given criteria and reupload the graded and corrected
solutions in the TEL environment. In return, students get
weekly feedback and brief, specific suggestions to enhance
self-assessment and problem-solving skills. In other
words, following research-based guidelines, students re-
flect upon open questions and receive immediate feedback
about their successes and mistakes. The feedback is in-
valuable for the preparation for the next step: primetime.

Step 4. Primetime: quality time between group and the
teacher
In the fourth and final step, the group has a private meeting
with the teacher, the primetime meeting. By now students
have already studied, practiced, and reflected on their skills
so the hope is that only the most urging conceptual chal-
lenges remain to be resolved at this meeting. The subtleties
of the difficult material can be worked through during a
face-to-face dialog with the teacher. The step focuses on
productive teacher-student interaction (Furberg 2016). This
focusing enables the precious time of the teacher to be used
effectively. The emphasis is therefore not on correct an-
swers—for they are already known—but on remaining
questions and challenges and on metacognitive knowledge.
In other words, the teacher is at group’s disposal, and the
group can take advantage of this time as it deems appropri-
ate. For example, the group can also ask questions about
following week’s new problems. The content is chosen by
the group, not by the teacher. This opportunity urges the
group to use the time well.
Yet the most auspicious aspect of primetime lies beyond

physics, in the strong interaction and personal contact. Pri-
metime is quality time between the group and the teacher,
where quality refers to a genuine presence, meetings at an
intimate level, attending to individual problems, knowing
every student’s name and character, strengthening group-
ing, and conveying a message that the teacher cares about
the students (Schoeberlein 2009). This interaction supports
students’ social and academic integration, enhances their
feeling of belonging, and thereby has the potential to con-
tribute positively to student retention (Aguilar et al. 2014;

Wilcox et al. 2005). Personal contact can also prevent
coasting because it enables doing useful “checking” of each
student. A homely atmosphere can be promoted by having
primetimes in the same, informal study areas as the group
meetings or, say, even at cafés around the campus area.
Primetime then completes the study process, and the

students begin the same process with a new topic.

The role of a teacher is twofold
On the one hand, thanks to personal interaction in prime-
time, teachers are visible mentors and coaches, real indi-
viduals that answer questions, provide guidance, and offer
students genuine presence (Jennings and Greenberg 2009;
Sharp and Jennings 2016). On the other hand, teachers
are invisible facilitators who enable efficient studying. At
the beginning of the course, they offer schedules, study
environments, and opportunities for social support.
During the course, they offer materials, assignments, and
online help for problem-solving. Only primetimes are
scheduled by teachers; other sessions are planned and run
by students. Students are in charge of the study process at
all times.

Assessment powers the process
Since the process relies on independent student and group
work, strategic support from the formative assessment is
essential (Figs. 2 and 3). Cauley and McMillan noted that
“formative assessment provides valuable information for
both students and teachers” and “feedback and instruc-
tional correctives can be a powerful technique to support
student motivations and achievement” (2017). Conse-
quently, here, the purpose of assessment is not merely to
grade students’ knowledge and skills, but to support and
empower the study process itself to guide teachers to steer
the study process and to respond to students’ difficulties
(Bennett and Bennett 2017; Black et al. 2017; McManus
2008). In particular, the continuous nature of learning is
best emphasized by a continuous nature of assessment
(Rohrer and Pashler 2010). Because a summative exam at
the end of the course would have broken these principles, it
was not included in the assessment. Instead, we integrated
the assessment with the model to leave minimal distinction
between assessment and the study process itself.
Students accumulate points from several sources. The

total number of points determines the grade and at least
half of the maximum points are required for passing
(Fig. 3). Most points accumulate during the course from
principles, practice, and problems. Points for principles
and practice come from TEL environment automatically,
and points for problems come from students’ grading
(verified by the teacher). Points from principles are used
to motivate self-studying before group meetings, and
points from practice are used to encourage students into
productive group meetings. This setting supports both
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individual accountability and positive interdependence
(Knight 2004b).
At the end of the course, the accumulated points are

complemented by criteria-based self-, group, and teacher
assessments. Self-assessment aims to support skills in self-
reflection and metacognition (Boyd 1995; McMillan and
Hearn 2008). Allowing the students’ views on own learning
to influence the grade has been shown to improve motiv-
ation (McMillan and Hearn 2008). Group assessment aims
to inhibit coasting and to teach cooperative learning (Joyce
1999). Each member gives the group points and verbal
assessment, and all the group members share the median
of individual points. The assessment criteria concern only
the group and its functioning, which support the percep-
tion of positive interdependence (Johnson and Johnson
1999). Note that the majority (72%) of the points still comes
from individual work and a minority (28%) from group-
related work. The assessment thus represents a fair balance
between individual content mastery and group activities,
especially given the method’s versatile learning goals, one of
which is specifically the learning of collaborative skills.
At the same time, students also give verbal peer feedback,

which however is for teachers’ eyes only. Teachers analyze
this feedback to ensure constructive tone, add own evalu-
ation of student performance based on primetime meet-
ings, and compose focused, constructive, and personal
feedback for each student. At the end of the course, each

student thus receives constructive verbal feedback that pro-
vides insights into course performance beyond a mere
grade. Such focused interventions have been shown to trig-
ger far-reaching positive consequences (Aguilar et al. 2014).

Comments on student groups and the learning
environment
Formal group training is useful but not necessary. While
the method does put responsibility on the students and
groups, the group activities are well structured and pro-
vide a safe learning environment even for the inexperi-
enced students. After all, one of the goals of this method
is the very learning of collaborative skills themselves,
which takes years to learn anyway.
Optimal group composition and size are difficult ques-

tions (Harlow et al. 2016; Heller et al. 1992; Jensen and
Lawson 2011), and the best choices likely depend heavily on
the context. Regarding composition, Heller and Hollabaugh
(1992) recommend groups of students with heterogeneous
academics. We chose to group students homogenously
according to how much effort they wanted to put in
the course, with the hope that this homogeneity
would prevent coasting. However, the conclusions on
group compositions are often contradictory, so other
instructors interested in using this strategy should
consider grouping criteria that would best fit their
contexts and institutional settings.
Choosing an appropriate group size is important for

promoting productive active learning (Freeman et al.
2014). We chose a group of around four to five students
so there is a diversity of ideas, but the group is small
enough that every student should contribute, to minimize
loafing. This size can even be considered large (Heller and
Hollabaugh 1992), but it makes groups tolerate occasional
and inevitable non-attendances during the course. Group
size is also affected by teacher resources. By assuming that
each group requires about 1 h of contact time each week,
each student takes about 10–15 min of weekly contact
time from one teacher. In contact teaching, teachers and
teaching assistants are considered equal; for us, they are
all “teachers.”
Regarding learning environment, note that the model

needs no auditoriums or classrooms with specialized equip-
ment. The only physical requirements are study areas for
the group activities; the ideal environments are informal,
lobby-type areas. The model only requires a suitable
technology-enhanced learning (TEL) environment. The
TEL environment should be able to integrate videos, simu-
lations, queries, interactive elements, and numerical codes,
preferably all in one place because full integration gives bet-
ter control over the student’s workflow. The environment
should be able to provide a detailed log data of student ac-
tivities. Access to the TEL environment requires computers,

Fig. 3 The composition of points in the grading. Points from
practice, principles, and problems accumulate during the course,
and points from self-, group, and teacher assessments are given
at the end of the course. The maximum number of points is 60,
and passing requires half of these points. The exact composition of
points can be adjusted, but this is our fair estimate for a balanced
compromise, where passing the course is straightforward by abiding
and persistent studying and difficult by random or cherry-pick
studying. Near-fail students can, if necessary, be allowed to pass
the course by compensating work (Arnold 2016)
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but students’ laptops suffice well (students’ computers at
home and one laptop per group in group meetings).

Methods and materials
The primetime learning model was piloted in 2016 and
2017 on a 7-week second-year university physics course on
thermodynamics and optics. The courses had 72 (2016;
25% female) and 77 (2017; 31% female) active students
(both physics majors and minors) that were divided into
groups of five students (14 groups in both courses). In both
pilots, the groups were formed by the teacher. In 2016,
groups were made homogeneous concerning the import-
ance the students gave to the course, and in 2017, they
were made based on scheduling so that each student would
weekly have a maximum amount of common time available
with the other group members (according to pre-course
questionnaires). The courses had three teachers, consisting
of one faculty member responsible for the course and two
teaching assistants, one graduate and the other undergradu-
ate student. TEL environment was The Interactive Material
(TIM) (Lappalainen 2015).
The pilot courses in 2016 and 2017 are compared with

the courses in 2014 and 2015. The 2014 and 2015 courses
had the same content, the same teachers (except for a
different undergraduate student), and a similar number of
active students (97 in 2014 and 72 in 2015) with a similar
gender and demographic characteristics. The only differ-
ence was the teaching method, which consisted of typical
flipped classroom setting: First, self-studying from book
and videos was assumed before lectures (Knight 2004a).
Second, lecture time was used not for lecturing but for
demonstrations and peer instruction, which consisted of
students typically answering multiple-choice questions
alone and after discussion with peers, following the practice
made popular by Mazur (Mazur 1997). There was no
lecturing. Third, lectures were followed by problem-solving
and recitation classes. And fourth, the course ended with a
summative exam. The maximum number of points was 60,
with two points obtained from self-study tests, 12 points
from problem-solving, and the remaining 46 points from
an end-of-course summative exam.
To answer the first research question about student

activity, we measured the number of submitted solutions
in the practice phase; an equivalent measure could be
used for all four courses (2014–2017). The activities and
study habits of groups and individual students were ana-
lyzed using the TEL environment log data (timestamps
and points for the submission of each answer in each step
of the process).
To answer the second research question about assess-

ment, we analyzed the assessment from several view-
points. First, we compared how the distribution of the
points in total varied between the years 2014 and 2017
and between different assessment criteria. Second, relating

to the primetime learning model, we studied how the
points from principles, practice, and problems correlated
with the self-assessment points and how teacher and
group assessment points are compared to self-assessment
points. Third, the functioning of assessment was explored
by the analysis of student’s learning outcomes using pre-
and posttests on thermodynamics concepts. The pretests
took place during introductory lectures and posttest a
couple of weeks after finishing the section on thermody-
namics. The test in 2016 was modified from an earlier
study (Leinonen et al. 2013). It involved heat transfer and
maximum work related to cyclic and non-cyclic processes
containing isochoric, isobaric, and isothermal basic pro-
cesses. The test in 2017 was Thermodynamic Concept
Survey (TCS) adopted from an earlier study (Wattanakasi-
wich et al. 2013). It was translated from English to Finnish
but otherwise given as guided by the developers. Thus, the
tests in 2016 and 2017 were different, and gains are not
comparable; preliminary results in this article will be
systematized by further dedicated studies. The tests did
not affect students’ grades but were quantified for each
student using Hake’s normalized gains, defined as g
= (post − pre)/(1 − pre), where the pre and post are the per-
centages of correct answers (Hake 1998).
To answer the third research question about the learning

experience, student opinions were quantified by end-of-
course questionnaires (data only from 2016). Students’ ex-
periences about group meetings and about working without
a teacher were queried by open feedback questionnaires at
the end of each practice session. Student experiences were
also monitored routinely by face-to-face dialogs during pri-
metime. Experiences and possible occurrences of coasting
were explored during primetime discussions and monitored
by spotting anomalies in TEL log data.

Results
Research question 1: students followed the process
rigorously
The model was able to improve retention and prolong
student activity (Fig. 4a). During earlier years, despite the
particular basic elements of active learning, student activ-
ity declined considerably during the course. A common
perception for the cause of this decline is that students
start to wait for the exam. Here, the improved retention
may have several origins: social integration, formative as-
sessment, or the structured study process that supported
balanced study habits.
The prolonged activity can also be understood in the

light of study rhythm. Students acquired rapidly a steady
study rhythm, which remained stable throughout the
course (Fig. 4b). Principles preceded practice systematic-
ally, presumably due to encouragement from assessment.
Most groups had practice during specific times, but some
groups exploited their freedom to meet during more
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unconventional times. In overall, white regions in Fig. 4b
are absent, and the distribution of symbols is similar
across different groups and throughout the courses. Stu-
dents thus followed the study process rigorously and well
accordingly to the intended schematic of Fig. 2.
Group meetings took place mostly between 9 am and

6 pm, and practices and problem submissions took place
evenly from 9 am until late midnight (Fig. 4c). Some stu-
dents worked throughout the night. The deadline for the
submission of problem solutions was at 2 pm on Mondays,
but submissions took place also at other times. In other
words, students worked whenever suitable and not just
before deadlines, which helped to level the workload.
In sum, the primetime learning model indeed appeared

capable of improving and prolonging student activity, at
least when compared with the earlier flipped classroom
approach.

Research question 2: assessment was robust and
functional
The main purpose of the assessment in the primetime
model was to support the study process. However, since
the assessment did not contain a final exam, it still had to
warrant legitimate grading and reasonable criteria for
passing. Despite the lack of exams in 2016 and 2017, the
total point distribution was qualitatively similar to the
mainly summative assessment from previous years. How-
ever, there were two notable differences (Fig. 5a). First, the
failure rate decreased. The failure rate of students with
some course activity decreased from 10% (in 2014) and
15% (in 2015) down to 6% (in 2016) and 5% (in 2017). Pre-
liminary analysis of differences in gender shows that male

students benefited from this model more than female
students, especially because in 2014 and 2015, the low-
performing students were mostly male. Second, and most
important, the majority of the failed students in the pilot
course scored zero points—they had enrolled in the
course but never even started studying.
Based on earlier research on different aspects of

assessment (Brown et al. 1997), the assessment here
seemed reliable. Students did not cherry-pick just the
easy parts but were active in the entire study process.
Self-assessment correlated well with the sum of points
from principles, practice, and problems (p≪ 0.001;
Fig. 5b). The good correlation suggests a valid assess-
ment and implies that study efforts during the course
got reflected in the self-assessment. On average, the
percentage of points from self-assessment was smaller
than the percentage of summed points from princi-
ples, practice, and problems. Thus, if anything,
students were inclined to be more self-critical than
self-generous. Self-assessments correlated even with
teacher assessments (Fig. 5c), despite somewhat differ-
ent criteria.
Correlations between self- and group assessments

show an intriguing trend: students always valued their
groups high (Fig. 5c). The criteria for the group and self-
assessments were different, so the assessments did not
even need to correlate well. Nevertheless, it is remark-
able how students valued groups high regardless of their
own perceived performance.
The low failure rate and the reliability of the assessment

are consistent with good learning outcomes (Fig. 6). We
quantified the outcomes using Hake’s normalized gains,

a b c

Fig. 4 Analysis of TEL environment log data. a The number of active students in the course plotted using the number of students who actively
solved problems. b Timestamps for principles (red triangles), practice (green circles), problem answer submissions (blue squares), and primetimes
(vertical lines) for each student as a function of time. Groups are numbered and separated by horizontal dashed lines. Data are shown only for
2016; data for 2017 are similar. c The data of the panel b compressed to 1 day and night. Shaded areas indicate the time of day outside 8 am
and 4 pm
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which were g = 0.63 (SD 0.33) in 2016 and g = 0.33 (SD = 0.
20) in 2017. Although room for improvement exists, these
gains represent decent learning outcomes (Hake 1998).

Research question 3: model gave a positive learning
experience
The model improved retention, leveled workload, and
decreased failure rates (Figs. 4 and 5). Also, the feedback
from practice sessions showed that technology-enhanced
learning sessions without a teacher could surpass com-
mon interactive lectures in intensity, effectiveness, and
interaction strength. In certain occasions, scaffolding by
the teacher or by TEL environment would have been
beneficial. However, even without teacher presence, the
groups did not experience coasting as a problem.

Although only about one third of the students ended
up answering the end-of-course questionnaires, the echo
from the feedback had the same tone as during the
course: students considered the model clear (94% agreed
or agreed partly to a related claim) and functional (89%)
and the workload legitimate (89%). The assessment was
considered unambiguous (86%), encouraging (90%), and
less stressful than exams (81%). Most of the criticism,
more visible in open feedback, was related to problems
in scheduling and technical issues. In particular, many
students were disoriented and baffled by the lack of
lectures and by the absence of an exam. Presumably, the
bafflement arose mostly due to environmental factors,
reflecting the deep roots that lectures and exams have in
our teaching culture (Dori et al. 2007), because the feed-
back was otherwise positive.

a b c

Fig. 5 Analysis of the points in assessment. a The normalized distribution of total points. The pilot course is compared with two courses taught
in earlier years using flipped classroom and assessed mainly by a final exam (N2014 = 108, and N2015 = 85, N2016 = 79, N2017 = 82). The pass limit is
30 points. b Correlation between points from self-assessment and the sum of points from principles, practice, and problems. c Correlation between
self- and teacher assessment and self- and group assessment points. In b and c, color intensity is proportional to the frequency of occurrence. In c,
teacher and group assessment symbols are slightly offset for clarity

a b

Fig. 6 Pre- and posttest scores in a 2016 (Npre = 59, Npost = 49) and b 2017 (Npre = 67, Npost = 56). The intensity of each point is proportional to
the number of students with the given scores. Note that the tests in a and b were different
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Finally, students claimed the primetime model pro-
moted new friendship (85%), appropriate responsibility
of one’s studies (100%), and groups that provided a sense
of belonging (100%). Thus, the model supported social
integration.
In the open feedback, on the one hand, the new study

routines and the lack of exam were criticized: “I learn bet-
ter from standard lectures” and “…while it’s nice not to
have an exam, it would be good to have ‘a real indicator’
to measure what you learned.” On the other hand, despite
the new routines, most of the students considered the
model valuable: “This model is a true fulfilment of peer
instruction and peer discussions,” “The small group helps
to realize that someone really cares and is present”, and
“[Primetime teacher’s] presence and the ability to ask
questions that occupy one’s mind was an excellent thing!”
Students also valued learning skills beyond physics: “[The
model] also taught working life skills” and “This course
will be remembered just because of the group.”

Discussion and conclusions
To clarify the institutional context, the pilot institute
accepts 40–60 new physics major students, one quarter to
one third of them female, practically all of them Finnish
students in their early 20s. Most of these majors receive
BSc in 3 years, followed by an MSc degree in an additional
couple of years, with emphasis on material physics, nu-
clear physics, particle physics, or cosmology. The teaching
language for courses at the bachelor level is Finnish, and
most course participants are full-time students. The
courses are usually taught by one faculty member and few
teaching assistants (one assistant per 20–30 students) and
the contact hours (without preparation time) are typically
around 4 to 6 h per week per teacher. The instructional
workload of the method was approximately on a par with
the workload of more conventional teaching methods.
The model naturally has its challenges, even if cultural

and institutional contexts determine their relative priority.
First, some students prefer studying alone and dislike
group work. However, here, the group activities are well-
structured and thereby provide a secure and natural way
to learn collaborative skills, which anyway should be a part
of any modern science curriculum. Second, teaching assis-
tants need to be skilled, as they alone are responsible for
instructing and assessing their groups. Skills are required
in both subject matter and pedagogy, especially regarding
the caveats and intricacies of group dynamics (Feldon et
al. 2011). Teachers must feel at ease with the spontaneity
and unexpectedness of primetime meetings; after all, only
the most difficult problems filter to the teacher. Teachers
must be sensitive to the atmosphere in each group and, if
necessary, to keep groups functional and react with timely
interventions. Third, the primetime model is transform-
ational compared with traditional course designs. Active

lectures cannot be gradually migrated into the primetime
model; the model requires a complete renovation of exist-
ing practices. And fourth, succesful studying requires
learners to self-regulate their learning (Littlejohn et al.
2016). Zimmermann and Schunk (2012) define self-
regulation as self-generated thoughts, feelings, and actions
planned and cyclically adapted based on performance
feedback to attain self-set goals. Self-regulated learners ac-
tively construct knowledge and use cognitive and meta-
cognitive strategies to regulate their learning. It is argued
that all learners use regulatory processes to some degree,
and therefore, our future aim is to investigate self-
regulation processes in the primetime learning context.
At the same time, however, the transformational

nature supports the adoption of research-based instruc-
tional strategies. The model sets students in charge of
their learning process, so the studying in this model—by
its very construction—is less susceptible to teachers’
opinions or attitudes. After all, “active teaching” with
unfit attitudes can be worse than good passive lecturing
(Andrews et al. 2011).
The potential for enhanced adoption of research-based

instructional strategies is also supported by teacher
experiences. Both in 2016 and 2017, the teachers in the
courses met weekly to share experiences and observa-
tions. All teachers, four in total, experienced primetime
meetings pleasurable and empowering. Despite the
large-enrollment classes, teachers learned students by
name and character, and this personal contact made
teaching feel meaningful and genuine. (From student’s
perspective: each student knew own teacher personally.)
For teachers, the pilot courses were arduous, but mainly
because of novelty. In the long run, depending on class
size, teacher workload ought to remain on par with
flipped classroom approach—thanks to the focused con-
tact time in the primetime meetings.
Moreover, the model comes with subsidiary benefits. It

is affordable for the teacher and the institute. It can be
scaled to small and large classes alike. It promotes
equality by providing all the students with a similar
social environment. It makes student minorities less
pronounced, as studying in small groups foster a stron-
ger sense of belonging (Aguilar et al. 2014; Madsen et al.
2013). Due to the interactive, collaborative, and struc-
tured nature of the learning process, it suits particularly
well for courses that focus on teaching balanced study
habits and strengthening social integration. Such courses
are opportune for teaching young students group work,
systematic study habits, and tools for improving meta-
cognitive skills.
To conclude, the model is also flexible. The four steps are

built on a solid theoretical foundation and therefore repre-
sent a generic framework that can easily be developed fur-
ther. Consequently, our objective is to pursue the research-
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based development of student activities, interactions, and
assignments. In particular, the primetime learning model is
not specific to university physics or even other STEM sub-
jects; it is applicable to many subjects and levels of study.
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ABSTRACT
This study presents new ways of visualising technology-enhanced
collaborative inquiry-based learning (CIBL) processes in an
undergraduate physics course. The data included screen-capture
videos from a technology-enhanced learning environment and
audio recordings of discussions between students. We performed
a thematic analysis based on the phases of inquiry-based learning
(IBL). The thematic analysis was complemented by a content
analysis, in which we analysed whether the utilisation of
technological tools was on a deep-level, surface-level, or non-
existent basis. Student participation was measured in terms of
frequency of contributions as well as in terms of impact. We
visualised the sequence of the face-to-face interactions of two
groups of five students by focussing on the temporal aspects of
IBL, technology enhancement and collaborative learning. First,
instead of the amount of time the groups spent on a specific IBL
phase, the between-group differences in the most frequent
transitions between the IBL phases determined their differential
progress in the CIBL process. Second, we found that the
transitions were triggered by the groups’ ways of utilising
technological tools either at the deep level or at the surface level.
Finally, we found that the level of participation inequity remained
stable throughout the CIBL process. As a result, only some of the
members of the groups played a role in the most frequent
transitions. Furthermore, this study reveals the need for scaffolds
focussing on inquiry, technological and collaborative skills at the
beginning of the learning process.
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Introduction

It is widely accepted that in order to support twenty-first-century science, technology, engin-
eering, and mathematics (STEM) learning, new ways of enhancing higher education prac-
tices ought to be found. A growing number of studies have suggested that in STEM subjects,
lecture-based instruction and teaching should be complemented by more active learning
methods (Arthurs & Kreager, 2017; Freeman et al., 2014). In science education, inquiry-
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based learning (IBL) is a popular way to activate students (Pedaste et al., 2015). The advan-
tages of IBL are well-documented in the context of higher education (Alfieri, Brooks,
Aldrich, & Tenenbaum, 2011), and inquiry-based approaches can enable students to
become familiar with scientific practices and to develop high-level reasoning skills (Bush,
Sieber, Seiler, & Chandler, 2017). IBL is guided by one or more research questions provided
by a teacher or proposed by students (Lazonder & Harmsen, 2016). To answer these ques-
tions, the students conduct experiments and collect data to reach justifiable conclusions. The
IBL process can be divided into five phases: (1) orientate, (2) conceptualise, (3) investigate,
(4) conclude and (5) discuss and review findings and conclusions as well as formulate sug-
gestions for the next step. These five phases form the inquiry cycle, which engages students
in an authentic scientific process (Pedaste et al., 2015).

As collaboration between students is beneficial for learning both science and the skills
to do science (Jensen & Lawson, 2011), collaborative inquiry-based learning (CIBL) can
help in addressing a wide range of challenges, such as low retention rates among students,
(Freeman et al., 2014) facing STEM subjects today (Bell, Urhahne, Schanze, & Ploetzner,
2010). However, productive CIBL activities do not necessarily emerge without assistance
(Kobbe et al., 2007). In arranging collaboration, different learning resources can be used to
support learning (Jeong & Hmelo-Silver, 2010). External resources, such as technological
solutions, can help improve learning outcomes (Çelik & Pektaş, 2017; De Wever, Hämä-
läinen, Voet, & Gielen, 2015) and support social interaction (Rau, Bowman, & Moore,
2017; Wagh, Cook-Whitt, & Wilensky, 2017). In technology-enhanced CIBL, students
can utilise technology in every phase of their inquiry (Bell et al., 2010).

A recent meta-analysis of computer-supported collaborative learning in STEM
indicated both positive and negative effects regarding productive collaborative learn-
ing (Hmelo-Silver, Jeong, Faulkner, & Hartley, 2017). Existing studies have mainly
focussed on exploring collaborative learning situations with the help of atemporal
coding schemes (Mercer, 2008) such as cumulative frequency counts and percentage
values (Balgopal, Casper, Atadero, & Rambo-Hernandez, 2017; Leinonen, Asikainen,
& Hirvonen, 2017; Sins, Savelsbergh, van Joolingen, & van Hout-Wolters, 2011;
Summers & Volet, 2010). To develop a better understanding of collaborative pro-
cesses, learning research requires the use of novel approaches and methods. There
should be a focus on how to investigate and visualise the group processes that
bring about group practices (Kapur, 2011; Mercer, 2008; Stahl, 2017). Up to now,
visualisations have been utilised to observe productive interaction patterns and in
further directing analyses (Thompson et al., 2013) in the context of science education
(Williams & Clement, 2015).

This article builds on technology-enhanced CIBL as a pedagogical approach aimed at
enhancing learning in the higher education context. We hypothesise that developing visu-
alisations as a method to analyse temporal aspects of groups’ CIBL processes reveals the
need for scaffolds. The aim of these scaffolds should be to involve the members of
groups in productive working processes in technology-enhanced learning (TEL) settings.
First, we study the sequence of the transitions between the different phases of IBL, which
have previously been studied using lag sequential analysis (e.g. Wang, Duh, Li, Lin, & Tsai,
2014). We elaborate these transitions by visualising how they emerge over time and ident-
ify the transitions that characterise technology-enhanced CIBL processes. Second, we
examine how the groups utilise technological tools in these transitions (see also Jeong

1698 J. LÄMSÄ ET AL.



& Hmelo-Silver, 2010). Specifically, we visualise whether the use of tools occurred at a
deep level (e.g. structuring, analysing and interpreting information), surface level (e.g.
routine manipulations and information collection) (de Jong & Ferguson-Hessler, 1996)
or whether it was non-existent. Finally, our previous findings suggest that a high activity
level is not always indicative of high-level collaboration (Hämäläinen & Arvaja, 2009).
Therefore, we measure the participation of different students, not only in terms of fre-
quency of contributions, but also in terms of impact in the different phases of the learning
process. We address the following research questions (RQs): (1) What transitions charac-
terise technology-enhanced CIBL processes at the group level? (2) How do the groups
utilise technological tools in these transitions? (3) What do the visualisations reveal
about individual students’ participation in technology-enhanced CIBL processes?

Methods

Context of the study: primetime learning model

This study was conducted during a seven-week introductory physics course in thermodyn-
amics and optics. The course was based on a new instructional strategy developed at a
Finnish university – the primetime learning model (Koskinen, Lämsä, Maunuksela,
Hämäläinen, & Viiri, 2018). The primetime learning process is comprised of four
phases: principles, practice, problem solving, and primetime (presented in Table 1).
There are no lectures or end-of-course exams. Instead, the assessment is formative, com-
plemented by criteria-based self-, peer, and teacher assessments at the end of the course.

Our previous findings (Koskinen et al., 2018) indicate that the primetime learning
model increased students’ retention rate and maintained good learning outcomes in the
courses in which the model was implemented. To better understand how students work

Table 1. Structure of the primetime learning model.
Learning goal (Knowledge

dimensiona) Content Implementation Feedback

Principles Forming an overall picture
of the topic (Factual
knowledge)

YouTube video
clips in the TEL
environment;
course textbook

Self-studying twice a
week before practice
phase

Short multiple-choice
test, from which
student receives
immediate feedback

Practice Ensuring correct
understanding and
exercising technology-
enhanced collaborative
inquiry skills (Conceptual
knowledge)

Conceptual
problems in the
TEL environment

Working face-to-face in
the TEL environment
twice weekly and
without instructor

Feedback with correct
answer immediately
after solving a problem

Problem
solving

Analysing realistic problems
and applying the
principles in realistic
settings (Procedural
knowledge)

Full-scale, context-
rich physical
problems

Independently or in small
groups; submission of
solutions to TEL
environment before
primetime

Correct solutions
available after
submission deadline;
students review, rate
and re-submit answers,
which are verified by
the instructor

Primetime Evaluating own learning
process and monitoring
own learning goals with
instructor (Meta-cognitive
knowledge)

Challenges faced by
the group during
the previous
phases

Instructor and a small
group meet face-to-
face during scheduled
time

Feedback from instructor
throughout course

a(Krathwohl, 2002).
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in small groups without an instructor in the TEL environment, as well as the kind of
support they need, the present research focuses on the practice phase. In this phase, the
groups solved conceptual problems face-to-face using a shared laptop computer, wherever
and whenever necessary, as long as they completed two sets of problems before the end of
each week. Before each session, the students self-studied key physical principles related to
the group working session topic. Self-study consisted of several video clips and the relevant
chapters of the course textbook (Knight, 2014). There was also a short test at the end of
each self-study assignment. After the students completed both the self-study assignments
and group working sessions, they were given full-scale physics problems to solve. At the
end of each week, a primetime session was held between one group and the instructor, in
which they discussed the challenges of the group.

Participants

The participants were second- and third-year university students in natural sciences (N =
70). Three course instructors (the first and third authors; the other authors were not
involved in the teaching) divided the participants into 14 small groups (five students
per group) based on a short questionnaire that the students had completed during the
course registration. We estimated that five people would constitute a reasonable group
size: The groups remained the same throughout the course, which meant that occasional
non-attendance and possible drop-outs during the course could be tolerated. The number
of groups could also be managed by our teaching resources. The students in a group shared
similar schedules so that they could arrange common meetings. The groups were hetero-
geneous in terms of discipline and gender.

Data collection

We collected the data from the practice phase (Table 1) via screen captures and audio
recordings of the group working sessions of four different groups (n = 20). The follow-
up groups were the same throughout the course, and this article focuses on data of two
groups. There were no instructors or researchers present for the group working sessions.
The students received a license for the Screencast-O-Matic software (http://screencast-o-
matic.com/home), which they used for screen capturing and audio recording. After each
group working session, the groups sent their video and audio data to the first author via e-
mail. The screen-capture videos showed the students’ laptop use in the TEL environment,
and the audio recordings captured discussions between the students. There were 56
screen-capture videos (14 per group, totalling 60 h). In addition to audio and video
data, log data from the TEL environment were captured for all groups (N = 14) in order
to ensure that the four groups selected for follow-up were close to average with regard
to the amount of time spent using the TEL environment and the number of correct
answers in the group working sessions.

Data analysis

First, we watched and listened to the video and audio recordings of the groups as they
solved different types of problems, which we divided into four categories: (1) short

1700 J. LÄMSÄ ET AL.



conceptual multiple-choice questions, (2) short tasks demanding some calculations, (3)
problems requiring the use of numerical methods and (4) problems including PhET simu-
lations (Perkins et al., 2006). Among 21 problems, including technological tools to
enhance CIBL, we used log data (time stamps and the relative amount of correct
answers) to select a problem from the fifth group working session (week three of the
course) for further analysis. First, when considering the open assignments on thermodyn-
amics, the groups devoted, on average, the most time to this problem (approx. 19 min).
Second, only about half of the groups (52%) succeeded in obtaining the correct solution
to the problem, while, on average, 75% of the answers in thermodynamics were correct.
The problem focussed on determining the time-dependence of the displacement of an
atom in a gas (Figure 1(a)). The technological tools given to the students were a
YouTube video clip (Figure 1(b)) and a script for numerical analysis (Figure 1(c)). We
present an example of the output given by the script in Figure 1(d).

To answer RQ1, we performed a thematic analysis (Braun & Clarke, 2006). We ident-
ified units of analysis (or themes) that captured a meaningful unity from the students’ con-
versations. We then recognised typical features of the IBL phases (Pedaste et al., 2015), as
shown in Table 2, in which we present quotes of each phase (transcriptions translated
from Finnish to English). As we labelled the units from the existing IBL framework,
our method of analysis can be called theory-driven thematic analysis. Transitions

Figure 1. (a) Screen capture of the studied assignment; (b) Screen capture of the video clip; (c) Screen
capture of the script. The parameters changed by the students are highlighted in red. (d) Example of
the output (path length, i.e. the displacement of an atom and the graphical representation of its path)
given by the script.
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Table 2. Phases of inquiry-based learning with definitions and examples.
Phase Definition Example

Orientation Stimulating interest and curiosity in relation to
the problem. Identifying and clarifying the
main concepts of the assignment. Getting
familiar with the technological tools.

Viola: A position vector? That is, is that the
position vector now if it moves that way here
[drawing on paper at the same time]?

Petri: Mmh?
Viola: So, is the position vector this… ?
Petri: Yes, it is.
Viola: Or is it this, the whole… ?
Petri: No, it is that straight line.
Viola: It is this, is it?
Petri: Yes, it is.

Conceptualisation Determining concepts needed to solve the
problem. Considering the frame of the study.
Generating research questions or hypotheses.

Viola: So, we only have to [find out] how N [the
number of collisions] is affecting it [the
displacement], right?

Krista: So, we have to get a formula that include
N… Or some relationship.

Petri: Mhm, what was the question? Or… The
dependency on t [time]. Okay, the relationship
between the displacement and time… How
should we use time now?

Investigation Planning, exploration or experimentation.
Collecting, analysing and interpreting data.

Petri: So, these are varying…
Viola: So, what you are doing is trying to
determine the outcome using different values
of N [Petri: Yes]. Then, it gives whatever.

Petri: Yes, but it is a random [system]. Statistical
…

Viola: Okay, so approximately what is the order
[of the displacement]…

Petri: Yes, it was something like 20,
approximately [N = 300 in the script]. Then it
was a little bit more than 30. Let’s now try
when it [N ] is 500. I’ll try a couple of times: 11,
15, 25, 21, 15…

Conclusion Finding relationships and drawing conclusions
from the inquiry. Offering or evaluating
solutions to the research questions or
hypotheses.

Juha: When thinking a little about this…When
multiplying those with each other… Or when
multiplying that with itself, i.e. the scalar
product, we get all those scalar products with
themselves, plus all those scalar products which
go across. And that with itself, so… The length
is… Proportional to t [time], so there is t
squared inside and then there is that length,
which is proportional to t to the power of four,
so d(t) [displacement] would be proportional to
t.

Discussion Communicating and elaborating on the findings
and conclusions. Making decisions. Reflecting
on the process either at the end of IBL or in
relation to a single phase of the cycle.

Petri: So, you would argue that it is proportional
to t?

Juha: Yes, I would do that – a wild guess.
Petri: I will run this [the script] a couple of times.
Viola: Where do those terms that go across
disappear?

Petri: Those terms do not disappear. It can be
that they take it [the sum of the displacements]
back to zero, or they can increase it. In
principle, it would mean that if it randomly
takes a direction, so… I mean away from the
point, then it would clearly have to be
[proportional to] t, but it can randomly turn
back. Therefore, the best guess is t.
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between the IBL phases separated the units from each other. We labelled the start and end
times for each unit so as to visualise the CIBL processes over time by using MATLAB
(https://www.mathworks.com/products/matlab.html). The visualisations allowed us to
focus on the transitions between the IBL phases. In particular, we identified the transitions
that characterised technology-enhanced CIBL processes at the group level.

To answer RQ2, we used data-based content analysis methods (Krippendorff, 2004) to
study how the groups utilised the technological tools (the YouTube video clip and the
script) in the different IBL phases. At the utterance level, we coded whether the utterance
included references to the technological resources. First, the codes concretely described
what the group was doing with the technology (e.g. watching the video, running the
script or planning the use of the script). Altogether, we identified eight different codes.
Second, we classified the codes as a surface- or deep-level use of technology, as shown in
Table 3. The division was based on whether the technology utilisation was part of the inte-
gration of conceptual knowledge (deep-level use) or routinemanipulations and information
collection, which did not reveal active conceptual synthesising (surface-level use) (de Jong&
Ferguson-Hessler, 1996). We visualised the CIBL processes over time (utterance by utter-
ance) with respect to the utilisation of the technological tools in the different IBL phases.
From the visualisations, we assessed how the groups utilised the technological tools in
the transitions, which characterised the CIBL processes at the group level.

To answer RQ3, we visualised how the relative number of utterances made by different
students evolved over time. In addition to the frequency of contributions, we coded the
discussion at the utterance level by assigning an impact value of +1, 0 or −1 to each utter-
ance (Kapur, Voiklis, & Kinzer, 2008), as shown in Table 4. The value depended on
whether the utterance changed the direction of ongoing interaction and whether it
moved the group towards (+1) or away from (−1) the goal of the inquiry. We then visu-
alised how the cumulative impact value of each student developed over time. Finally, we
studied how different students contributed to the transitions, which characterised the tech-
nology-enhanced CIBL processes. To get an overall picture of the learning processes of the
groups, we synthesised the viewpoints of IBL, technology enhancement and collaborative
learning with the visualisations.

The reliability of the coding was increased by the use of two coders. The first author
coded 358 utterances, while another researcher outside of the study coded 218 utterances.

Table 3. Classes used when coding utterances were based on how the groups utilised the
technological tools during inquiry.
Class Description Example

Surface-level use
of technology

Technological tools are used for routine
manipulations and information collection. This
typically included watching the video, running
the script and collecting or observing data
given by the script.

Petri: Yeah, there it [the displacement] was about
20 [the number of collisions N = 300]. When N
was 700, it was slightly over 30. Let’s try with N
= 500. I’ll run this [the script] a couple of times:
11, 15, 25, 21, 15… [The values of the
displacement]

Deep-level use of
technology

The technological tools are used for structuring,
analysing and interpreting information. This
typically included asking a question about the
video, interpreting the script itself, modifying
the script, interpreting or explaining the results
given by the script and planning the use of the
script.

Lasse: I was just about to say that it looks quite
linear. But we can determine whether it is like
square root [displacement proportional to the
square root of t] or linear, if you set N = 2000 [in
the script], for instance.
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Another researcher who was familiar with the IBL framework was able to code the tran-
scribed text with the help of a coding manual, in which the coding procedure was
explained in detail. After forming the units of analysis and independently coding the
units and utterances, disagreements were discussed and completely resolved collabora-
tively by consulting the video and audio recordings.

Results

In what follows, we focus on the technology-enhanced CIBL processes of two different
groups in their face-to-face study of the time-dependence of the displacement of an atom
in a gas (Figure 1). The groups were selected to illustrate differences in the CIBL processes
regarding the problem; only Group 2 succeeded in solving it correctly. First, by means of
visualisations, we identify the transitions between the IBL phases characterising the technol-
ogy-enhancedCIBL processes of the groups. Second, we illustrate how the groups utilise the
technological tools in these transitions. Finally, we present what visualisations reveal about
individual students’ participation in the technology-enhanced CIBL processes.

The most frequent transitions characterise CIBL processes

Instead of the amount of time groups spent in certain IBL phases (Table 5), the most fre-
quent transitions between the phases (in Figure 2, these are marked with arrows in the

Table 4. Impact values given to each utterance and description (with examples).
Impact
value Description Example

+1 An utterance moves a group towards the goal of the
inquiry by planning and structuring IBL or making
and offering suggestions that include fair ideas of
how the group could investigate the topic under
study.

Lasse: So, the question is that we have to determine
how it… if the number of collisions increases or
decreases; so how does it affect the distance, which
it [the atom] travels… The atom…

0 An utterance does not move a group towards or away
from its goal when it involves a question that does
not include any presuppositions or if it echoes the
others’ ideas.

Iida: Mm.

−1 An utterance moves a group away from its goal when
it includes misconceptions (as in the example) or
suggestions that mislead the group during their
learning activities.

Lasse:… There… So does it [d(t) in the assignment]
mean that… Hmm… It means differential
displacement [i.e. ‘infinitely short’ displacement]
during time interval t, doesn’t it?

Table 5. The amount of time the groups spent and the number of utterances they made in the different
IBL phases.

Phase

Group 1 Group 2

Time (min) % Utterances % Time (min) % Utterances %

Orientation 6.2 46 68 49 4.8 27 46 21
Conceptualisation 1.9 14 31 22 1.3 7 25 11
Investigation 2.0 15 10 7 4.8 27 76 35
Conclusion 0.6 4 2 1 0.8 4 8 4
Discussion 2.8 21 29 21 6.1 34 63 29
Total 13.5 100 140 100 17.8 100 218 100
Silence 4.3 4.0
Sum 17.8 21.8
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visualisations) characterised the CIBL processes. We found that the transitions between
the investigation and orientation phases characterised the CIBL process of Group 1,
while the most frequent transitions of Group 2 took place between the investigation
and discussion phases.

We start by elaborating an example of the most frequent transitions of Group 1 (see
Figure 2(a) and Table 6). Here, Petri planned methods (i.e. investigation, see Table 2)
that could be used to solve the problem, but Krista showed a misconception1 in her phras-
ing of a question (i.e. orientation). Figure 2(a) indicates that the challenge for Group 1 was
not the remarkable amount of time they used in the orientation phase, but the effect of the
transitions between the investigation and orientation phases on the progress of their CIBL
process. Therefore, Group 1 did not properly proceed to the investigation phase (10 utter-
ances or 7% of the utterances). They neither discussed nor thoroughly reflected on their
CIBL process before making the last conclusions (10 utterances in the discussion phase
before t = 15.5 min). Consequently, Group 1 ended up with an incorrect solution.

Figure 2. The overall picture of the IBL process of (a) Group 1 and (b) Group 2. The most frequent tran-
sitions between the IBL phases are marked with arrows.

Table 6. An extract (t = 10.6 min in Figure 2(a)), which illustrates the most frequent transitions between
the IBL phases in Group 1.

Student Utterance
Serial number
of utterance Phase of IBL

Utilisation of
technological tools

Petri We should go back and forth, run at least the series of
five per distance and then look at the averaged
value. Is there any better way [to do that]?

81 Investigation Deep-level use of
technology

Krista So, the displacement, it is the mean-free path, is it? 82 Orientation No use of
technology
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The quote presented in Table 7 illustrates the most frequent transition between the
investigation and discussion phases in Group 2 (see Figure 2(b)). Here, Lasse elaborated
their previous findings (i.e. discussion), which led the group to conduct further exper-
iments (i.e. investigation). Again, the substantial amount of time spent in the discussion
and orientation phases might not have been beneficial. Instead, the repetitive patterns
in which Group 2 conducted investigations and elaborated their activities in the discussion
phase enhanced data collection and interpretation as well as their reflection on the process.
Therefore, the most frequent transitions triggered Group 2 to make justified conclusions,
which eventually led them to the correct solution.

The most frequent transitions in the CIBL processes were triggered by the
technological tools

The utilisation of the technological tools played an important role in terms of the differ-
ences between the most frequent transitions of the CIBL processes of the groups. Figure 3
(a) shows that Group 1 experienced challenges utilising the technological tools for data
collection (i.e. surface-level use) in the investigation phase, which might have triggered
the transitions between the orientation and investigation phases. In contrast, Figure 3
(b) shows that Group 2 utilised the technological tools at the surface level, especially in
the investigation phase, which triggered a deep-level use of technology in the discussion
phase and vice versa.

An attempt by Group 1 to conduct a technology-enhanced investigation is presented in
Table 6 (see Figure 3(a)). Although Petri suggested that statistical methods could be useful,
this deep-level use of technology was followed by a technology-free orientation. The tran-
sition illustrates challenges in utilising the technological tools at the surface level in the
investigation phase, during which the planned activities (deep-level use of technology)
should be put into practice. Therefore, Group 1 made conclusions without data supporting
any of the proposed options, which led them to an incorrect solution (see, t = 11.7 min in
Figure 2(a), utterance 95 in Figure 3(a)).

In addition to utilising the technological tools more frequently, Group 2 enhanced
several transitions between the investigation and discussion phases by surface- and
deep-level uses of technology. This is demonstrated in the quote presented in Table 7.
The quote started after a surface-level use of technology in the investigation phase (data

Table 7. An extract (t = 16.5 min in Figure 2(b)), which illustrates the most frequent transitions between
the IBL phases in Group 2.

Student Utterance
Serial number
of utterance Phase of IBL

Utilisation of
technological tools

Lasse I was just about to say that it looks quite linear.
However, we get to know if it is like a square root
or linear if you set 2000 to the value of N [the
number of collisions in the script], for instance.

189 Discussion Deep-level use of
technology

Iida But it was said that it [the number of collisions] can
be 1000 at the most.

190 Discussion Surface-level use of
technology

Vesa Okay… 191 Discussion No use of
technology

Lasse Substitute 1000, for example. Now we see how linear
it is.

192 Investigation Deep-level use of
technology
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collection, see Figure 3(b)), which was followed by deep-level uses of technology in the
conclusion and discussion phases. Lasse realised that the square root function might
look linear at first and that they should utilise numerical methods to determine the
relationship between displacement and time by increasing the value of the number of col-
lisions. Figure 3(b) shows that, through a deep-level use of technology, Group 2 returned
to the investigation phase to implement the planned activities into practice (i.e. surface-
level use of technology).

Visualisations capture individual students’ stable participation inequity

Next, we present what visualisations reveal about individual students’ participation in the
CIBL processes. First, high participation inequity did not evolve gradually in the groups;
rather, it was locked-in at the beginning of the learning process. Second, only a few stu-
dents played an important role in the most frequent transitions, which characterised
the technology-enhanced CIBL processes at the group level.

Group 1
The results in Table 8 show that the participation inequity regarding the cumulative
number of utterances was high, and Figure 4(a) shows that the participation inequity
was stable. Even if quality over quantity is argued, the sum of the individual students’

Figure 3. Utilisation of the technological tools in the different IBL phases of (a) Group 1 and (b) Group
2. Symbols represent utterances. The most frequent transitions between the IBL phases are marked
with arrows.
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impact values (see Table 4) was nearly equal to Petri’s cumulative value until the group
proceeded for the last time to the orientation phase (Figure 4(b)).

Petri’s dominance becomes even clearer when considering only the utilisation of tech-
nology (Table 8). The visualisation of the overall picture of the technology-enhanced CIBL
process (Figure 5) shows that Petri triggered all the transitions to the investigation phase in
which technological tools were utilised. However, separate attempts to start a technology-
enhanced investigation and to move the group towards the goal of the inquiry (impact
value +1) were most frequently followed by orientation. While Petri was also active in
the orientation phase, Figure 5 shows that the others participated in the process mainly
one by one, without driving the process forward (impact value−1 or 0). High participation
inequity might be related to students’ inability to utilise the technological tools, as evi-
denced in Saila’s statement (t = 5.1 min, utterance 22):

Saila: I am not able to modify that [the script] at all…Or if you want, so…

Group 2
Despite the productive technology-enhanced CIBL process at the group level (i.e. they
solved the inquiry task correctly), participation inequity was high (Table 9) and stable
(Figure 6(a)) at the individual level. However, Group 2 contained more students who
drove the inquiry forward than Group 1. Figure 6(b) shows that Iida, Vesa and Lasse
all contributed to the sum of the impact values. As Iida, Vesa and Lasse impacted the
process at somewhat different phases (e.g. Iida at the beginning and at the end of the
process, see Figure 7), the sum of the impact values increased rather linearly throughout
the CIBL process. This is consistent with the findings of the previous sections: for Group 2,
the process was structured (Figure 2(b)), and the group managed to utilise the technology
in every phase of the inquiry (Figure 3(b)).

The results in Table 9 show that participation equity depended on the specific IBL
phase considered. Specifically, the visualisation of the technology-enhanced CIBL
process as a whole (Figure 7) shows that Lasse and Vesa played the most important
role in the transitions between the investigation and discussion phases, which character-
ised the CIBL process at the group level. They were also responsible for elaborating and
reflecting on the CIBL process in the discussion phase in a productive way (impact
value +1). Iida was active and drove the process forward in the orientation phase, but
Figure 7 shows that halfway through, Iida did not take part in the investigation and dis-
cussion activities. Eetu and Joakim did not engage in the CIBL process until the investi-
gation phase. Contrary to Group 1, participation inequity in Group 2 was not

Table 8. Group 1: Cumulative number of utterances in the different IBL phases. The cumulative number
of utterances referring to the technological learning resources are presented in parentheses.

Orientation Conceptualisation Investigation Conclusion Discussion Sum %

Petri 26 (11) 13 (3) 8 (8) 1 (0) 10 (2) 58 (24) 41 (51)
Viola 14 (3) 8 (0) 2 (2) 0 (0) 8 (1) 32 (6) 23 (13)
Juha 8 (4) 3 (1) 0 (0) 1 (0) 8 (0) 20 (5) 14 (11)
Krista 11 (4) 7 (1) 0 (0) 0 (0) 1 (0) 19 (5) 14 (11)
Saila 9 (7) 0 (0) 0 (0) 2 (0) 0 (0) 11 (7) 8 (15)
Total 68 (29) 31 (5) 10 (10) 2 (0) 29 (3) 140 (47)
% 49 (62) 22 (11) 7 (21) 1 (0) 21 (6)
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necessarily related to students’ inability to utilise the technological tools, as especially
Joakim utilised the technological tools in a productive way in the investigation phase
(impact value +1).

Conclusions

We used multiple visualisations as a novel method to form a comprehensive picture of
technology-enhanced CIBL processes in an authentic higher education learning context.

Figure 4. Group 1. (a) Development of participation (in)equity in the collaborative learning process. (b)
Development of different students’ impact values on the collaborative learning process.
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Table 10 presents the summary of the visualisations used in this study as well as how these
visualisations captured different viewpoints of technology-enhanced CIBL processes.

First, we answered the research question ‘What transitions characterise technology-
enhanced CIBL processes at the group level?’ We performed thematic analyses based
on the phases of IBL (Pedaste et al., 2015) in order to form an overall picture of the
IBL processes of two groups (Figure 2). We found that instead of the amount of time
the groups spent on a certain IBL phase, the between-group differences of the most fre-
quent transitions between the IBL phases characterised the groups’ technology-enhanced
CIBL processes.

To answer the second research question (‘How do the groups utilise technological tools
in these transitions?’), we analysed the utilisation of the technological tools and their levels
of usage. The visualisations (Figure 3) revealed that the most frequent transitions were
triggered by the technological tools. The visualisations show how Group 2 succeeded in
utilising technological tools both at the deep (e.g. planning in the discussion phase) and
surface levels (e.g. implementation in the investigation phase), while Group 1 could not
conduct the planned activities (deep-level use) into practice (surface-level use). This chal-
lenge may be explained by numerical analysis methods, which require skills from physics,
mathematics, and computer science (Taub, Armoni, Bagno, & Ben-Ari, 2015). To solve
the problem, students had to (i) understand the concepts relating to the phenomenon

Figure 5. Group 1: The overall picture of the technology-enhanced CIBL process. The IBL phases are
marked with different colours. Symbols represent utterances. Triangles indicate utterances that
included a reference to the technological tools. The symbol is above/below/on a horizontal axis if
the utterance had a positive/negative/no impact (+1/−1/0) on the ongoing interaction. The transitions
between the orientation and the investigation phases are marked with arrows.

Table 9. Group 2: Cumulative number of utterances in the different IBL phases; the cumulative number
of utterances referring to the technological learning resources are presented in parentheses.

Orientation Conceptualisation Investigation Conclusion Discussion Sum %

Vesa 16 (6) 9 (3) 17 (15) 0 (0) 25 (16) 67 (40) 31 (31)
Lasse 11 (3) 7 (3) 19 (17) 3 (1) 22 (16) 62 (40) 28 (31)
Iida 16 (7) 9 (1) 15 (12) 4 (1) 4 (2) 48 (23) 22 (18)
Eetu 3 (1) 0 (0) 14 (9) 0 (0) 9 (5) 26 (15) 12 (12)
Joakim 0 (0) 0 (0) 11 (8) 1 (1) 3 (2) 15 (11) 7 (9)
Total 46 (21) 25 (7) 76 (61) 8 (3) 63 (41) 218 (129)
% 21 (13) 11 (5) 35 (47) 4 (2) 29 (32)
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in hand (eg, free mean path, the displacement; physics skills); (ii) understand and over-
come the statistical nature of the phenomenon (eg, calculating the average of several
values of the displacement; mathematics and physics skills); and (iii) find out how to
use the script to overcome the randomness of the phenomenon (eg, adding a loop struc-
ture to the script that automatically calculate the average of several values of the

Figure 6. Group 2. (a) Development of participation (in)equity in the collaborative learning process. (b)
Development of different students’ impact values on the collaborative learning process.
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displacement; computer science skills). As similar challenges have also been reported in
collaborative uses of computer simulations (Chang et al., 2017), it is vital to find ways
to engage all students in the productive use of technological resources, regardless of the
type of tool (Jeong & Hmelo-Silver, 2010).

Third, we addressed the question ‘What do visualisations reveal about individual stu-
dents’ participation in technology-enhancedCIBLprocesses?’We focussed on collaborative
learning, which was analysed not only in terms of frequency of contributions (Figures 4(a)
and 6(a)), but also in terms of impact (Figures 4(b) and 6(b); Kapur et al., 2008). We also
synthesised the viewpoints of IBL, technology enhancement and collaborative learning
(Figures 5 and 7), which showed the phases in which the students were able to participate
and impact the learning processes as well as how they succeeded in utilising the technologi-
cal tools in the different IBL phases. Despite the differences in the CIBL processes at the
group levels (Figures 2 and 3), the groups had similar challenges at the individual level
(Figures 4–7; see Klette, 2009). Regarding the frequency of contributions, their impact
and themost frequent transitions, we found students from both groups who barely contrib-
uted to the CIBL process. Even if the phase of IBL had an effect on the students’ readiness to
participate in the CIBL process, the visualisations (Figures 4(a) and 6(a)) captured stable
participation inequity throughout the CIBL processes. Kapur and colleagues (2008) used

Figure 7. Group 2: The overall picture of the technology-enhanced CIBL process. The IBL phases are
marked with different colours. Symbols represent utterances. Triangles indicate utterances that
included a reference to the technological tools. The symbol is above/below/on a horizontal axis if
the utterance had a positive/negative/no impact (+1/−1/0) on the ongoing interaction. The transitions
between the investigation and the discussion phases are marked with arrows.

Table 10. Summary of how the visualisations relate to different viewpoints of learning processes.

Figure(s) Visualisation
Inquiry-based

learning
Technology-
enhancement

Collaborative
learning

2 The overall picture of an IBL process X
3 The utilisation of the technological tools in the

different IBL phases
X X

4a and 6a The development of participation (in)equity in
a collaborative learning process

X

4b and 6b The development of different students’ impact
on a collaborative learning process

X

5 and 7 The overall picture of a technology-enhanced
CIBL process

X X X
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this notion in the context of text-based synchronous online chat discussions, but our
findings suggest that rapidly stabilised participation inequity may not depend on the
form of interaction, i.e. whether face-to-face or computer-mediated communication.

In sum, visualisations provide a compact and accessible way to illustrate complex tech-
nology-enhanced CIBL processes from various viewpoints. This kind of analysis increases
the understanding of collaborative inquiry activities as well as raises topics for future
research. Teachers can use visualisations as a tool to analyse how students follow designed
technology-enhanced collaborative inquiry activities. Specifically, the visualisations (as
presented in Figures 5 and 7) can help with implementing even individually tailored
scaffolds as we can analyse the challenges of an individual student in (i) participating in
the specific phases of IBL; (ii) using the technological tools and the information provided
by the tools in inquiry-based activities; and (iii) impacting the joint IBL process in a pro-
ductive way.

Discussion

We hypothesised that the use of visualisations reveal which IBL phases need scaffolds so as
to involve different groups and group members in productive working processes in TEL
settings. During the orientation, students should not only clarify the key concepts of an
assignment (Figure 2), but should also become familiar with the technological tools pro-
vided (Figures 3, 5 and 7). To achieve the goals of the conceptualisation phase, students
could be encouraged to state in the TEL environment common research questions or
hypotheses and write out plans for addressing these. This could make the properties of
the technological tools and the planned procedure visible to everyone. Previous research
has also highlighted the significance of scaffolding in the conceptualisation phase (Wang
et al., 2014) and providing written explanations (Koretsky, Brooks, & Higgins, 2016).
Additionally, scaffolds focussing on interaction should be implemented at the beginning
of the inquiry, before high participation inequity among students are locked-in (Figures
4 and 6). To improve participation equity, integrating, e.g. collaborative scripts (Kobbe
et al., 2007), into the TEL environment could be fruitful for collaboration. In our case,
each student could be scripted to be responsible for a phase of IBL (five students and
five phases of IBL).

This study was an attempt at seeking new ways of visualising technology-enhanced
CIBL processes. One major limitation of our approach is that our analysis focussed
only on two small groups that sought to solve a thermodynamics problem. Based on
the teaching experience in the course (the first and the third author of this study), we
assume that the challenges of Groups 1 and 2 were not unique but the similar problems
arose in other groups and in different problems as well. However, more research is
needed before generalisation of the findings. Second, despite the observed differences
between the groups, background factors (e.g. sociodemographic variables, gender,
major; Nehring, Nowak, zu Belzen, & Tiemann, 2015) may have played a role in the
failure of Group 1 and the success of Group 2. Finally, the students could have contributed
to the CIBL processes in ways that were not visible in screen-captures and audio record-
ings (such as scribbling diagrams on a paper or making hand gestures), as we wanted to
collect data from authentic learning contexts without interfering with students through the
presence of researchers, instructors or additional equipment.
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Despite these limitations, our study has several strengths. First, we provide a methodo-
logical contribution to the field, analysing how students’ technology-enhanced inquiry and
collaboration skills appear in authentic higher education learning contexts. New methods
to analyse how productive technology-enhanced CIBL processes emerge are needed
(Mercer, 2008; Stahl, 2017), as implementing technology-enhanced collaborative inquiry
to curriculums requires the integration of theoretical, pedagogic and technological devel-
opment (Hämäläinen & Vähäsantanen, 2011). Second, this kind of analytical technique,
which focuses on certain viewpoints of complex technology-enhanced CIBL processes,
can help both researchers and teachers in designing specific scaffolds for students in par-
ticular contexts. Third, our methodological approach provides tools for researchers and
teachers to analyse the kind of role that designed scaffolds or instructional interventions
play in students’ learning processes. Finally, when the need to present information in a
more compact way increases with growing amounts of data from learning processes, visu-
alisations may prove useful in terms of coping with this increased volume. Novel and mul-
timodal data-capturing methods could even enable the visualisation of ongoing
technology-enhanced CIBL processes. This might make students more aware of their
inquiry and collaboration skills, as currently, feedback places greater emphasis on
content-related expertise (Blikstein & Worsley, 2016).

It is evident that science education needs new teaching and learning practices, as tra-
ditional elements such as lectures (Arthurs & Kreager, 2017; Freeman et al., 2014) and
labs (Holmes, Olsen, Thomas, & Wieman, 2017) may not prepare students for the chal-
lenges of the twenty-first century (Ding, Wei, & Mollohan, 2016; Matthews, Firn,
Schmidt, & Whelan, 2017). This research focussed on physics learning, but our methodo-
logical approach is also applicable to learning in other subjects. In the future, visualisations
can be utilised in various contexts to reveal challenges concerning students’ inquiry, tech-
nological and collaborative skills. Our methodological approach can also be extended to
other important twenty-first century skills such as scientific reasoning.

Note

1. The displacement is the vector between the start and end points of an atom after it has col-
lided N times. After each collision, an atom moves (on average) a mean-free path (scalar
quantity) to a random direction (see Figure 1(a,b)).
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A B S T R A C T

This paper contributes to the ongoing discussion about analysing the temporal aspects of learning
processes in the educational technology research field. Our main aim was to advance methods for
analysing temporal aspects of technology-enhanced learning (TEL) processes by introducing the
temporal lag sequential analysis (TLSA) technique and by combining TLSA with temporal log
data analysis (TLDA). Our secondary aim was to illustrate the potential of these two analysis
techniques to reveal the differences between the face-to-face technology-enhanced collaborative
inquiry-based learning (CIBL) processes of three different conditions (non-scaffolded, writing
scaffolded and script scaffolded groups). The study involved undergraduate university students
(N=231) in natural sciences. The TLDA was based on timestamps and groups' inputs into a TEL
environment, and it focused on the groups' temporal ways of using technological resources. The
TLSA was based on screen capture videos and audio recordings of the groups' CIBL processes, and
it focused on the inquiry-based learning (IBL) transition patterns (i.e. the transitions between the
different IBL phases) discovered by lag sequential analysis and demonstrated by how the IBL
transition patterns temporarily emerged. The TLDA findings demonstrated temporal differences
regarding how the groups in the different conditions used the available technological resources.
The TLSA findings revealed three temporarily distinct IBL transition pattern clusters whose
content and temporal emergence varied depending on the condition. Parallel temporal analysis of
the log data and the IBL transition patterns indicated that the use of the technological resources
temporarily mediated IBL transition patterns. Specifically, we found advantages similar to those
of asynchronous online discussions (think before acting) when face-to-face interaction was en-
hanced with the writing scaffold. The article concludes with a general discussion of the necessity
and potential of temporal analysis.
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1. Introduction

Learning is a continuous and dynamic process that evolves as a function of time (Kapur, 2011; Mercer, 2008). This fundamental
relationship between time and learning has led many researchers to examine the temporal aspects of learning processes in the
educational technology research field (Chang, Chang, Liu, Chiu, Fan Chiang, Wen et al., 2017; Chiang, Yang, & Hwang, 2014;
Csanadi, Eagan, Kollar, Shaffer, & Fischer, 2018; Kapur, 2011; Knight, Wise, & Chen, 2017; Lin, Duh, Li, Wang, & Tsai, 2013; Popov,
van Leeuwen, & Buis, 2017; Reimann, 2009; Wise & Chiu, 2011). The change in methodological orientation can be associated with
the ease of collecting and analysing learning process data due to technological developments. For example, when students work in
technological learning environments, their log data with events, and even their timestamps can be automatically captured. Moreover,
it has been noted that a pure ‘coding-and-counting’ approach is not enough when analysing complex technology-enhanced learning
(TEL) processes (Csanadi et al., 2018; Kapur, 2011). The problem with reporting mere descriptive statistics regarding learning
activities is that it makes an implicit assumption about temporal homogeneity of learning (Kapur, Voiklis, & Kinzer, 2008) that may
lead to inadequate or even incorrect conclusions about learning processes (Csanadi et al., 2018).

In the context of technology-enhanced collaborative inquiry-based learning (CIBL), for example, the dynamic interplay of dif-
ferent aspects of learning (e.g. related to content or related to technological resources; see Oner, 2013) can become visible as a non-
linear process between the different phases of inquiry-based learning (IBL) (e.g.(Lämsä, Hämäläinen, Koskinen, & Viiri, 2018)), which
cannot be captured with the help of descriptive statistics. While different types of scaffolds have been provided for students to handle
this dynamic interplay and to achieve the many advantages of technology-enhanced CIBL (Bell, Urhahne, Schanze, & Ploetzner, 2010;
Jensen & Lawson, 2011; Sins, Savelsbergh, van Joolingen, & van Hout-Wolters, 2011), few studies have examined the temporal
aspects of the learning processes behind the observed changes in learning outcomes or the descriptive statistics of learning activities
(Balgopal, Casper, Atadero, & Rambo-Hernandez, 2017; Chen, Wang, Grotzer, & Dede, 2018; Gijlers & de Jong, 2013; Hsu, Chiu, Lin,
& Wang, 2015; Rau, Bowman, & Moore, 2017; Saab, van Joolingen, & van Hout-Wolters, 2012; Yücel & Usluel, 2016). Focusing on
temporal aspects of scaffolded technology-enhanced CIBL processes, however, can reveal how students use the scaffolds, which
indicates whether the actual usage differs from the designed usage of the scaffolds. This kind of information can provide valuable
insights into how to redesign and implement scaffolds to enhance students' learning processes further.

In this paper, we first advance methods to analyse the temporal aspects of TEL processes. Second, we illustrate the potential of
these novel methods when comparing non-scaffolded and scaffolded technology-enhanced CIBL processes taking place in face-to-face
interactions (the focus has previously been on temporal aspects of online discussions) (Chang, Chang, Liu et al., 2017; Kucuk &
Sisman, 2017; Liao, Chen, & Shih, 2019; Tawfik et al., 2018; Wang, Duh, Li, Lin, & Tsai, 2014; Yang, Li, & Xing, 2018; Zhang, Liu,
Chen, Wang, & Huang, 2017). In the following, we present the theoretical framework for our study. We start by elaborating the need
for new methods that can be used to analyse temporal aspects of TEL processes. We follow that by introducing the context in which
the potential of new methods is illustrated, i.e. technology-enhanced CIBL enhanced by two different scaffolds.

2. Theoretical framework

2.1. Temporal analysis

Recently, there has been a growing interest in analysing the temporal aspects of learning processes in various contexts in the
educational technology research field (; Chang, Chang, Liu et al., 2017; Chiang et al., 2014; Lämsä et al., 2018/ce:cross-ref> ; Lin
et al., 2013; Popov et al., 2017; Sobocinski, Malmberg, & Järvelä, 2017; Wang et al., 2014; Wise & Chiu, 2011). As there are different
definitions of ‘temporality’ (Knight et al., 2017), it is important to pinpoint the kind of temporality the analysis method focuses on.
The temporality can refer to behaviour patterns in learning processes without indicating the instant of time or mutual order of the
patterns (Knight et al., 2017). As an example of this kind of method, lag sequential analysis (LSA) Bakeman & Gottman, 1997) has
recently been conducted in online learning contexts to reveal two or more episodes (called lags) that occur in a sequence more often
than would be expected by chance (Chang, Chang, Liu et al., 2017; Kucuk & Sisman, 2017; Liao et al., 2019; Tawfik et al., 2018; Wang
et al., 2014; Yang et al., 2018; Zhang et al., 2017). Although current discussion has provided insights on productive or unproductive
patterns of learning processes, little attention has been paid to the mutual order or the averaged time instants of the identified
patterns. These aspects, however, can play a crucial role in learning processes: for example, Kapur et al. (2008) found that the first
third of technology-enhanced collaborative learning processes may predict the eventual learning performance. Thus, we need to
advance the LSA method so that it takes into account another understanding of temporality, namely, that temporality can also refer to
the explicit monitoring of time from the viewpoint of timestamps or the duration of the specific learning activity (Knight et al., 2017).

Temporal lag sequential analysis (TLSA), introduced and implemented in this study, advances LSA to determine the averaged time
instant for each identified pattern, which provides several advantages. First, TLSA reveals the mutual order of the identified patterns,
which can increase our understanding about the progression of learning processes. Without information about the mutual order of the
patterns, it can be tempting to draw non-justified conclusions about the actual progress of learning processes; for example, if specific
patterns are expected to be consecutive, LSA alone is not enough to guarantee what is the actual order of the patterns. Second, TLSA
can reveal what kind of patterns are ‘clustered’ together (i.e. emerge close to each other in the timeline). These clusters can guide
researchers and teachers to find broader phases of learning processes as individual patterns may sometimes be problematic to
interpret (Csanadi et al., 2018). Studying the mutual order of the patterns and the formed clusters may also provide added value
when comparing the learning processes between different groups. For example, when visualising the identified patterns as a function
of time, we can identify whether differences between the groups arise at the beginning of learning processes or during the learning
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processes. While TLSA provides insights on the behaviour patterns of the learning processes, the mutual order of the patterns and the
evolvement of the learning processes, it does not elucidate any explanations behind these findings. Thus, methodological triangu-
lation can provide added value to the analyses. In technology-enhanced contexts, learning process data can be automatically captured
in the form of log data with events and timestamps. The log data continuously capture students' use of the technological resources,
which plays an important role in their learning patterns (Chang, Chang, Chiu, Liu, Fan Chiang, Wen et al., 2017; Chang, Chang, Liu
et al., 2017; Chiang et al., 2014; Lämsä et al., 2018; Lin et al., 2013; Wang et al., 2014; Wu, 2019). Thus, TLSA and temporal log data
analysis (TLDA) could potentially supplement each other.

One advantage of TLDA is that it enables the study of a large number of students over different time frames compared to more
traditional and time-consuming analysis of videos and audio recordings. Many authors (Chang, Chang, Chiu et al., 2017; Chang,
Chang, Liu et al., 2017; Wu, 2019) have already illustrated the potential of combining TLDA and LSA by examining the use of
technological resources in the context of collaborative problem solving. This methodological triangulation may have also dispelled
the doubts related to the use of log data; for example, Wise and Schwarz (2017) saw the log data and related methodological
approaches as one of the deniable issues in the community of technology-enhanced collaborative learning. We argue that the full
potential of this kind of methodological triangulation can be achieved by combining TLDA and TLSA. This combination enables us to
pay attention both to the use of technological resources and to the identified behaviour patterns as a function of time (cf. Oner, 2013).
Even though this kind of analysis does not allow the identification of causal relationships between the use of resources and the
behaviour patterns, it can function as a theoretical lens to illuminate more explicitly how these two aspects are interrelated. In the
present study, we illustrate the potential of combining TLDA and TLSA in the context of technology-enhanced CIBL.

2.2. Technology-enhanced collaborative inquiry-based learning

We refer to CIBL as a process in which students in a group follow the practices of scientists to learn scientific content and to apply
skills to acquire scientific knowledge together with others and understand the nature of science better (Bell et al., 2010; Jensen &
Lawson, 2011; Sins et al., 2011). The essential aspects of CIBL can be captured with the help of five inquiry phases—orientation,
conceptualisation, investigation, conclusion and discussion—as presented by Pedaste, Mäeots, Siiman, de Jong, van Riesen, Siswa
et al. (2015). In the orientation phase, students stimulate interest and curiosity in relation to the problem. They also identify the main
concepts of the assignment and become familiar with technological resources. In the conceptualisation phase, students determine the
dependent and independent variables that are needed to solve the problem. In this phase, generating research questions and hy-
potheses are essential. In the investigation phase, students plan data collection and explore, collect, analyse and interpret data. In the
conclusion phase, students offer and evaluate solutions to the research questions and hypotheses. In the discussion phase, students
communicate and elaborate their findings and conclusions. This phase is also characterised by reflection of either the entire IBL
process after its completion or a single phase during the process.

In natural sciences, such as physics, CIBL has traditionally been conducted as a part of hands-on laboratory work in order for
technological resources to support data collection, analysis and reporting (Andersson & Enghag, 2017). Moreover, collaboration
between students might have been technology mediated. It has recently become more typical that phenomena themselves are dis-
covered with the help of technological resources such as simulations (Chang, Chang, Liu et al., 2017) or programs for numerical
problem solving (Kortemeyer & Kortemeyer, 2018). This change has been associated with the technological development that has
simultaneously made these resources available for most students. Despite various possibilities and benefits to implement technology-
enhanced CIBL activities, Alfieri, Brooks, Aldrich, and Tenenbaum (2011) noted that the full potential of IBL can be achieved only
when the learning is assisted. In addition, many studies (e.g. Ibáñez & Delgado-Kloos, 2018; Lämsä et al., 2018; Rau et al., 2017) have
corroborated that scaffolds are needed to enhance technology-enhanced CIBL processes.

2.3. Scaffolding

Due to the complex nature of technology-enhanced CIBL, the many ways to scaffold these learning processes have been im-
plemented and studied. In general, scaffolding refers to a process in which an agent (e.g. teacher, peer and/or computer software)
helps a student with tasks that are challenging to complete (Wood, Bruner, & Ross, 1976). In this study, scaffold refers to procedural
support in a TEL environment that guides students to engage in CIBL (see Kim & Hannafin, 2011; Quintana, Reiser, Davis, Krajcik,
Fretz, Duncan et al., 2004; Sharma & Hannafin, 2007). As an example of this kind of scaffold, integrating writing tools into learning
environments—where students write down planned steps for IBL processes—could help students by externalising their understanding
(Gijlers, Saab, van Joolingen, de Jong, & van Hout-Wolters, 2009; Hmelo-Silver, Duncan, & Chinn, 2007; Sharma & Hannafin, 2007).
For example, van Joolingen and de Jong (1991) discovered that when students have problems in conceptualising the inquiry problem
at hand, hypothesis scratchpads have proven to be useful in writing hypotheses. The externalisation of their own thinking may make
it easier for everyone in a group to follow the joint CIBL process and express differing opinions (Chen et al., 2018; Gijlers & de Jong,
2013).

As another example of these procedural scaffolds, many studies have illustrated the positive effects of socio-cognitive scaffolding
via collaboration scripts (De Wever, Hämäläinen, Voet, & Gielen, 2015; Fischer, Kollar, Stegmann, & Wecker, 2013; Rau et al., 2017;
Vogel, Wecker, Kollar, & Fischer, 2017; Wang, Kollar, & Stegmann, 2017). To enhance productive collaboration activities, such as
students asking each other questions and each student explaining his or her own understanding, the potential of collaboration scripts
has also been recognised in CIBL contexts (Kollar, Fischer, & Slotta, 2007; Mäkitalo-Siegl, Kohnle, & Fischer, 2011; Raes, Schellens,
De Wever, & Vanderhoven, 2012). Collaboration scripts aim to ‘facilitate both social and cognitive processes of learning by shaping
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the way learners interact with each other’ (Kobbe et al., 2007, p. 211). In the technology-enhanced CIBL context, activities (Kobbe
et al., 2007) described in the script can be based on the IBL phases (e.g. orientation, conceptualisation, investigation, conclusion and
discussion, Pedaste et al., 2015) so that each student is given a role based on one of the IBL phases (five participants) with hints to use
the available technological resources.

The effect of different scaffolds (e.g. writing tools for the specific phases of IBL or enhancing CIBL with collaboration scripts) on
technology-enhanced CIBL processes have been examined from the viewpoint of learning outcomes and cumulative frequency counts
of learning processes (Balgopal et al., 2017; Chen et al., 2018; Gijlers & de Jong, 2013; Hsu et al., 2015; Rau et al., 2017; Saab et al.,
2012; Yücel & Usluel, 2016). A recent meta-analysis indicated clear positive effects on cognitive outcomes, especially among adults,
regardless of the type of computer-based scaffold used (e.g. whether generic or context specific, explicitly added or faded, etc.)
(Belland, Walker, Kim, & Lefler, 2017; Lazonder & Harmsen, 2016). Even though these studies indicate that there is a change in
learning outcomes or activities associated with the scaffolds provided, they do not describe how the change took place (Kapur, 2011;
Mercer, 2008; Stahl, 2017). This information, however, can be essential from the viewpoint of designing and implementing scaffolds
in order to understand better how students perceive and use the scaffolds.

When designing and implementing procedural scaffolds for technology-enhanced CIBL, a certain type of progress in IBL transition
patterns (discovered with TLSA) is fostered (cf. Pedaste et al., 2015). Because our previous findings indicated that the groups' ways of
using technological resources may trigger these IBL transition patterns (Lämsä et al., 2018), we continue studying the interplay
between the use of the technological resources and the progress of IBL transition patterns. Namely, in the present study, TLDA and
TLSA function as a lens for understanding possible differences between scaffolded and non-scaffolded technology-enhanced CIBL
processes taking place in face-to-face interactions.

3. Aims

The main aim of our study was to advance methods for analysing temporal aspects of TEL processes by introducing the TLSA technique.
Moreover, we supplemented TLSA with TLDA. A secondary aim was to illustrate the potential of these two temporal analysis techniques in
the context of technology-enhanced CIBL, which was enhanced by two different scaffolds. We investigated how the scaffolds (facilitation of
IBL through writing and facilitation of CIBL with collaboration scripts) were associated with the use of technological resources and
the IBL transition patterns of the scaffolded groups (conditions 1 and 2, respectively) compared to the non-scaffolded groups
(condition 3) when the groups were working face-to-face. For this illustration, we addressed the following research questions (RQs):

1. How are the technological resources used in three different conditions, and what are the temporal distinctions between these
conditions?

2. What kinds of IBL transition patterns do the three different conditions exhibit, and how do the IBL transition patterns differ
between these conditions?

3. How do the IBL transition patterns temporally emerge in the three different conditions, and what are the temporal distinctions
between these conditions?

4. Material and methods

4.1. Context and participants

Our study was conducted in an introductory thermodynamics course at a Finnish University (for a detailed description of the
course structure, see Koskinen, Lämsä, Maunuksela, Hämäläinen, & Viiri, 2018). The 231 participants were undergraduate natural
science students. The participants were divided into groups of five students at the beginning of the course. In total, there were 46
groups (seven groups included four or six students). The groups were heterogeneous regarding gender, major and performance in the
course (measured by the results of pre- and post-tests which are not in the focus of this study). During the course, the groups solved
problems collaboratively face-to-face in a TEL environment with a shared laptop computer twice a week. Each session typically
contained five to seven problems. No teachers or researchers were present in these group working sessions. In the following section,
we will present the procedure of this study in detail. The overview of the procedure is presented in Fig. 1.

4.2. Procedure

Log data were collected from the TEL environment of all groups and included timestamps and the groups' inputs into the en-
vironment. We focused on the problems that included technological resources (simulations, videos, Python programs) which engaged
the students in technology-enhanced CIBL. Based on the data of 14 groups (nstudent = 70; see Fig. 1), we identified the most chal-
lenging problems by determining the number of correct and incorrect answers based on the log data. For more detailed analysis, we
selected the problem to which the groups had devoted the most time: studying how the displacement of an atom in a two-dimensional
gas depends on time (Fig. 2a). The groups had access to a Python program (Fig. 2b) that plotted atom's path and calculated its total
displacement (Fig. 2c). The students were able to change the values of the variables in the Python program to observe how the
changes affected the displacement. The solution of the problem required that the groups (a) run the Python program with different
values of N (i.e. the number of collisions, which is directly proportional to amount of time) and (b) run the Python program multiple
times with the same value of N to infer the time dependence of the averaged value of the displacement (cf. ‘Tasks’ in the investigation
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phase in Table 1).
In addition to the log data, 11 randomly selected follow-up groups screen captured and audio recorded their group working

sessions by using Screencast-O-Matic software. The screen capture videos revealed the groups' computer use in the TEL environment.
We identified challenges in four non-scaffolded follow-up groups' technology-enhanced CIBL processes based on the screen capture
videos, as shown in Fig. 1 (Lämsä et al., 2018). The challenges were related to the first phases of IBL (especially to orientation and
conceptualisation) and to systematic ways of using the technological resources during the investigation phase (see ‘Challenges’ in
Table 1). As Fig. 1 suggests, these empirically identified challenges formed the basis for the design of the scaffolds; however, previous
research has identified similar challenges in different contexts (Chang, Chang, Liu et al., 2017; Kapur et al., 2008; Koretsky, Brooks, &
Higgins, 2016; Wang et al., 2014). The general aim of the scaffolds implemented in the TEL environment was to provide procedural
guidance for the CIBL process and hints to use the provided technological resources as part of the students' learning process.

In total, 17 groups (nstudent = 86; video and audio data from three follow-up groups, see Fig. 1) were instructed to write down
essential aspects of the orientation, conceptualisation and investigation phases in the TEL environment (writing scaffold; see Table 1).
We integrated the text boxes into the TEL environment so that, for each phase, the groups had a separate place where one of the
students could write down the group's joint answer. Even though the writing scaffold focused on the first three phases of IBL, we also
expected it both to enable the groups to make justified conclusions about the problem and to foster discussion in the groups.
Respectively, 15 groups (nstudent = 75; video and audio data from four follow-up groups, see Fig. 1) were instructed to adopt student
roles (cf. scripting in collaborative learning; Kobbe et al., 2007). As roles are key components of scripting (Dillenbourg & Hong, 2008;
Kobbe et al., 2007) and the groups included five students, we created five roles based on the IBL phases (script scaffold; see Table 1).
This design choice led us to give non-specific guidelines for the script-scaffolded groups to follow in both the conclusion and the
discussion phases. The content of two scaffolds was similar in the orientation, conceptualisation and investigation phases (Table 1).

4.3. Analysis

To answer RQ1—How are the technological resources used in three different conditions, and what are the temporal distinctions
between these conditions?—we analysed the groups' use of the Python program (see Fig. 2b). First, we determined how many
different number of collisions (N) values each group used when they ran the Python program. Second, we calculated the average
number of times each group ran the Python program with the same value of N. We then compared the results between the different
conditions by conducting a Kruskal-Wallis test. A nonparametric test was chosen because the data did not fulfil the assumption of
normality. TLDA was based on the timestamps labelled for each run with the Python program. To analyse temporal differences
between the conditions, we plotted empirical cumulative distribution functions that visualised the use of the Python program as a
function of time in all three different conditions. The empirical cumulative distribution functions show how the relative number of
runs with the Python program behaves as a function of time; that is the value of the empirical cumulative distribution (from 0 to 1)
indicates the fraction of the total number of runs that have been performed before that time instant. We compared the different
conditions by conducting a one-sample Kolmogorov-Smirnov test, which is a nonparametric goodness-of-fit test, to measure how
these empirical cumulative distribution functions fit the uniform distribution model with 0 and 1 as the minimum and maximum
values. The choice of this uniform distribution is justifiable because the groups could use the Python program or technological
resources in general, throughout the inquiry process (Bell et al., 2010). We also conducted a two-sample Kolmogorov-Smirnov test to
see if the empirical cumulative distribution functions were similar. Unrounded timestamp values were used to avoid the presence of
ties.

To answer RQ2—What kinds of IBL transition patterns do the three different conditions exhibit, and how do the IBL transition
patterns differ between these conditions?—we focused on the screen capture videos and audio recordings of 11 follow-up groups.

Fig. 1. The procedure of the study.
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Fig. 2. Screen captures of (a) the random walk problem assignment, (b) Python program (students changed the values of the variables highlighted in
red) and (c) output of the Python program that plotted atom's path and calculated its total displacement (path length). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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First, we transcribed the groups' talk during the random walk problem (Fig. 2). Second, we identified episodes from the transcribed
data. We included as many utterances in an episode as required to understand the episode on its own or, as Henri (1992) put it, to
capture a ‘unit of meaning’. To improve the reliability of this stage of the analysis, we created guidelines which presented five
example episodes with the reasoning behind why the episode captured a ‘unit of meaning’ from the students' talk. Subsequently, two
of us independently identified the episodes from the entire data set, then discussed disagreements and finally resolved the dis-
agreements by consulting others as needed. Third, we conducted theory-driven content analysis (Neuendorf, 2002) for all the epi-
sodes and coded the episodes according to the different phases of IBL: orientation, conceptualisation, investigation, conclusion and
discussion (Pedaste et al., 2015). These phases, with descriptions and example episodes, are presented in the coding manual
(Appendix A). One of us coded all the episodes while another independently coded 20% of the episodes. Cohen's kappa indicated
substantial inter-rater reliability (κ =0.68; 95% confidence interval= 0.57–0.79). Finally, the disagreements were discussed and
completely resolved by consulting others as needed.

To analyse the groups' IBL transition patterns, we performed LSA (Bakeman & Gottman, 1997). In LSA, a unit of analysis is the
sequence of two consecutive episodes (coded during the previous step). It was possible for two consecutive episodes to be coded to
the same phase of IBL. Next, we tabulated the cumulative number of each IBL transition pattern of the groups separately for each
condition. By following a widely used convention, the rows of the table refer to the preceding episode (‘lag 0’), and the columns refer
to the following episode (‘lag 1’). As we focused on five different IBL phases, there were 25 possible IBL transition patterns. We
guaranteed that a sufficient data were analysed by checking that the total sample in each condition was at least six times the number
of cells (Bakeman & Gottman, 1997, p. 125). We calculated adjusted residuals (z-scores) for each IBL transition pattern in each
condition. The residuals indicate whether the observed frequency of the IBL transition pattern deviates from its expected value; for
statistically significant IBL transition patterns, z > 1.96 (p < 0.05). As the number of tallies affects the z-scores, the use of another
index in conjunction with the z-scores is recommended when analysing differences between conditions (McComas et al., 2009; Pohl,
Wallner, & Kriglstein, 2016). Thus, we also calculated Yule's Q values for the IBL transition patterns (Bakeman & Gottman, 1997).
Yule's Q indicates the strength of the relationship between dichotomous variables. Therefore, we collapsed 5× 5 tables, including all
the possible IBL transition patterns, into 2×2 tables, resulting in a total of 25 2×2 tables, one for each IBL transition pattern. For
the transition pattern A → B (note that A and B may denote the same IBL phase), the cells of the 2×2 tables refer to the frequencies
of the transition patterns: (a) A → B, (b) A → not-B, (c) not-A → B and (d) not-A → not-B. Yule's Q is calculated as
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where →f :i j s refers to the frequencies in the corresponding cells. From the formula, Yule's Q belongs to the interval between −1 and
1. In addition, the margin sums of the IBL transition patterns are not needed when Yule's Q is calculated. This property makes it a
viable index to analyse the differences between scaffolded and non-scaffolded conditions. If Yule's Q > 0, the ratio → → −f f/A B A not B is
higher than − → − → −f f/not A B not A not B, which indicates a positive association in the transition pattern A → B. We considered only the IBL
transition patterns with a Yule's Q > 0.3, which indicates a moderate positive association in the transition pattern A → B (Davis,
1971).

To answer RQ3—How do the IBL transition patterns temporally emerge in the three different conditions, and what are the
temporal distinctions between these conditions?—we conducted TLSA by determining the averaged time instants of the IBL transition
patterns in each condition. For each follow-up group, we calculated the averaged serial number of the utterance for each IBL
transition pattern that had occurred at least once. Group-level averages were normalised by the total number of utterances. For each
condition, we calculated weighted averaged points in which the IBL transition patterns took place. The weight was the number of
times an IBL transition pattern occurred in a group. Subsequently, we visualised the IBL transition patterns with a Yule's Q > 0.3 as a
function of time.

5. Results

We start by providing the overall picture of the duration and outcomes of the technology-enhanced CIBL processes in non-
scaffolded, writing scaffolded and script scaffolded conditions. The descriptive statistics of the log data did not show significant
differences between the three conditions regarding the time the groups used within each condition to solve the problem (χ2 =4.5,
df= 2, p=0.10). Although we found indications that the scaffolds enhanced group performance of technology-enhanced CIBL
processes with respect to the relative number of correct answers to the problem, this difference was not statistically significant
(βwriting scaffolded =0.36, p=0.62; βscript scaffolded =0.41, p=0.59). Detailed results of the descriptive statistics are presented in

Table 2
Results based on the log data in three different conditions. Standard deviations are presented in brackets.

Solution

Non-scaffolded Writing scaffolded Script scaffolded

Correct Incorrect Correct Incorrect Correct Incorrect

Number of groups 7 7 10 7 9 6
Average time (min) 24.2 (7.6) 14.0 (7.8) 31.8 (10.6) 21.9 (15.0) 15.3 (7.2) 24.7 (10.9)
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Table 2.

5.1. Use of technological resources in three different conditions and temporal distinctions between the conditions

The solution of the problem required that the groups (a) run the Python program with different values of N (i.e. the number of
collisions) and (b) run the Python program multiple times with the same value of N. Regardless of the condition, these two criteria
were (on average) fulfilled as shown in Table 3. No differences between the conditions were found with respect to the number of
times the groups used the Python program (χ2= 0.92, df= 2, p=0.63). However, standard deviations illustrated notable variation
between the groups within the same condition. With respect to the number of runs with the same value of N, the differences between
the conditions were not significant (χ2 =0.85, df= 2, p=0.65).

Even though the descriptive statistics of the log data (Tables 2 and 3) did not capture significant differences between the con-
ditions, the temporal analysis of the log data did show that the temporal use of the Python program varied depending on the
condition. In Fig. 3, we present empirical cumulative distribution functions, which show how the groups in the different conditions
ran the Python program as a function of time. Fig. 3 shows that the groups with writing scaffolding used the Python program evenly
throughout their CIBL processes, whereas the groups in the non-scaffolded and script scaffolded conditions tinkered with the Python
program less frequently at the beginning of their CIBL processes. This finding is supported by a one-sample Kolmogorov-Smirnov test,
which shows that the uniform distribution model with 0 and 1 as the minimum and maximum values fits the data of the writing
scaffolded condition (D=0.069, p=0.26) but not the data of the non-scaffolded (D=0.20, p < 0.001) and script scaffolded
conditions (D=0.15, p < 0.001). Fig. 3 also shows that the empirical cumulative distribution functions are similar in non-scaffolded
and script scaffolded conditions, which is supported by the two-sample Kolmogorov-Smirnov test (D=0.095, p=0.45). The em-
pirical cumulative distribution function of the writing scaffolded condition differed both from the function of the non-scaffolded
condition (D=0.25, p < 0.001) and from the function of the script scaffolded condition (D=0.21, p < 0.001).

In Appendix B, we present the results separately of the log data for the 11 follow-up groups that recorded their group working
sessions. Based on these recordings, we will describe differences in technology-enhanced CIBL processes between the conditions
based on the results of LSA, which shows the IBL transition patterns. Subsequently, we will present the results of TLSA for each
condition to illustrate how the IBL transition patterns temporally emerge.

5.2. IBL transition patterns in three different conditions and differences in the patterns between the conditions

We found at least moderately positive (Yule's Q > 0.3) and statistically significant (z > 1.96, p < 0.05) associations in the IBL

Table 3
Results based on the log data in three different conditions. Standard deviations are presented in brackets.

Non-scaffolded Writing scaffolded Script scaffolded

Average number of runs (Python program) 9.5 (5.8) 12.5 (8.0) 14.0 (12.6)
Average number of runs with the same value of N 1.5 (0.5) 1.7 (0.6) 1.6 (0.5)

Fig. 3. Empirical cumulative distribution functions of the relative number of runs with the Python program for the groups in three different
conditions. In the given instant of time, the value of the function is equal to the fraction of the total number of runs that have been performed before
that time instant. Time= 0 refers to the moment when the solution to the previous problem was submitted. Time= 1 refers to the moment when the
solution to this random walk problem was submitted.
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transition patterns from all three conditions (see detailed results in Appendix C). These IBL transition patterns are presented in Fig. 4,
which shows that there are IBL transition patterns to or from all the different IBL phases in each condition. The non-scaffolded groups
have three IBL transition patterns associated with the investigation phase, whereas the groups in the other two conditions have one
IBL transition pattern to or from the investigation phase. The groups with writing scaffolding have more IBL transition patterns
associated with the discussion phase than the groups in non-scaffolded or script scaffolded conditions. In the script scaffolded
condition, three of the five IBL transition patterns iterate in the same phase; this is contrary to the groups in the other two conditions
in which most of the IBL transition patterns emerged between the different IBL phases.

5.3. The temporal emergence and distinctions in the IBL transition patterns between three different conditions

We present the IBL transition patterns shown in Fig. 4 as a function of time in Fig. 5 (see detailed results of TLSA in Appendix C).
Based on Fig. 5, we identified three temporarily distinct IBL transition pattern clusters from all three conditions. The first transition
cluster can be described with the IBL transition patterns associated with the orientation phase. However, this first transition cluster
emerged later in the writing scaffolded condition than in the groups of the other two conditions. The groups with writing scaffolding
also had recurrent IBL transition patterns in the conceptualisation phase in this first transition cluster. The second transition cluster
can be described with the IBL transition patterns associated with the investigation phase. While the conceptualisation phase was
included in the first transition cluster in the writing scaffolded condition, the conceptualisation of the groups in non-scaffolded and
script scaffolded conditions were related to this second transition cluster. Similar to the first transition cluster, the second transition
cluster emerged slightly later in the writing scaffolding groups. The third transition cluster can be described with the IBL transition
patterns associated with the conclusion and discussion phases. This transition cluster emerged around the same time in all three
conditions. Within the writing scaffolding groups, IBL transition patterns occurred back and forth between the conclusion and the
discussion phases in the third transition cluster. In addition, we found the IBL transition pattern from the conclusion to the con-
ceptualisation phase. In the non-scaffolded condition, the IBL transition pattern was found from the investigation to the conclusion
phases. Fig. 5 also shows that there is an IBL transition pattern associated with the discussion phase in all three transition clusters in
the writing scaffolded condition. However, the preceding or the following phase depends on time, meaning that the discussion phase
is associated with the orientation, investigation and conclusion phases, respectively.

6. Discussion

The main aim of this study was to advance methods for analysing temporal aspects of TEL processes by introducing the TLSA
technique, which was supplemented with TLDA. In the context of TEL, we see that this kind of methodological triangulation is
required to capture interrelated aspects of these learning processes (cf. Oner, 2013). As a secondary aim, we illustrated the potential
of these methods to analyse temporal aspects in the context of face-to-face technology-enhanced CIBL processes in three different
conditions (non-scaffolded, writing scaffolded and script scaffolded). In this context, parallel analysis of the findings of TLDA and
TLSA functions as a lens through which we can see how the use of technological resources (TLDA; RQ1) and IBL transition patterns
(TLSA; RQ2–3) are interrelated in different conditions. The actual use of technological resources has been under-represented when
studying technology-enhanced CIBL processes (Bernhard, 2018); however, their use during CIBL may be vital for IBL transition
patterns (Lämsä et al., 2018). In the following, we elaborate the findings of parallel TLDA and TLSA for non-scaffolded, writing

Fig. 4. The IBL transition patterns with Yule's Q > 0.3; the statistically significant patterns are marked with asterisks (*p < 0.05; **p < 0.01;
***p < 0.001).
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Fig. 5. The IBL transition patterns with Yule's Q > 0.3 illustrated as a function of averaged time in the different conditions. Three temporarily
distinct transition clusters have been marked with rectangles.
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scaffolded and script scaffolded conditions.
Based on the temporal use of technological resources (the Python program) (RQ1) and the temporal emergence of IBL transition

patterns (RQ3), the technology-enhanced CIBL processes of the non-scaffolded and script scaffolded groups were similar. In both
conditions, the groups used the Python program less frequently at the beginning of their CIBL processes (Fig. 3), and their first
transition cluster, which was merely associated with the orientation phase, emerged relatively early (Fig. 5). These results may
indicate that the groups in the non-scaffolded and script scaffolded conditions engaged in the actual inquiry at the very beginning and
then started to familiarise themselves with the Python program. Before the midpoint of CIBL processes (after relative time instant 0.3
in Fig. 3), these groups started to use the Python program more actively. This change in the slope of the empirical cumulative
distribution functions emerged at the same time as the second transition cluster of the non-scaffolded and script scaffolded groups
(Fig. 5). The second transition cluster included IBL transition patterns associated with the conceptualisation, investigation and
discussion phases. These findings indicate that the conceptualisation of the problem was conducted partly simultaneously with the
investigation phase in which the Python program was probably used as a data collection tool.

Conversely, the groups with writing scaffolding used the Python program more frequently at the beginning of their CIBL processes
(Fig. 3). Afterwards, these groups did not actively tinker with the Python program (see relative time interval 0.3–0.5 in Fig. 3), but
their first transitions cluster emerged (Fig. 5). These results, in turn, indicate that the writing scaffolding guided students to become
familiar with the given Python program before they actually engaged in inquiry. This finding was probably related to these groups'
instructions, which asked the students to consider and write down how the Python program represented key concepts of the as-
signment (see the orientation phase in Table 1). Getting to know the properties of the Python program might also contribute to more
diverse IBL transition patterns in the first transition cluster compared to the groups in non-scaffolded and script scaffolded conditions:
the groups with writing scaffolding had IBL transition patterns associated with the orientation, conceptualisation and discussion
phases in the first transition cluster. The findings of the writing scaffolded condition are reminiscent of those from asynchronous
online discussions that provide participants the advantage of being able to think and reflect before they actually take action (Clark,
Weinberger, Jucks, Spitulnik, & Wallace, 2003; Cohen & Scardamalia, 1998; Veerman, Andriessen, & Kanselaar, 2000; Zion, 2008;
Zion, Michalsky, & Mevarech, 2005). After the midpoint of CIBL processes, the slope of the empirical cumulative distribution function
of the writing scaffolded condition started to increase again (Fig. 3), which supports the finding of TLSA; these groups also started to
investigate and discuss the problem (the second transition cluster in Fig. 5).

Even though the script scaffold included guidance for the conclusion and discussion phases (see Table 1), the last transition cluster
emerged at the same time in all three conditions, and the last transition cluster was associated with the conclusion and discussion
phases (Fig. 5). Fig. 3 also illustrates that the groups in all conditions took advantage of the Python program until the end of their
technology-enhanced CIBL process, including drawing conclusions. The writing scaffold focused on the first three phases of IBL (see
Table 1), but it still fostered discussion in the groups as expected. Namely, we found an IBL transition pattern associated with the
discussion phase in all three transition clusters in the writing scaffolded condition (Fig. 5).

Despite the similarities in the content of the writing and script scaffolds (Table 1), differences in the groups' technology-enhanced
CIBL processes between these two conditions may be mostly explained by the way the students perceived the scaffolds. Namely, the
writing scaffold may have been seen more as a part of the problem than as a kind of support. Even though the text boxes in the TEL
environment were explicit support from the teachers' perspectives, the videos and audio recordings indicated that students might
perceive those as ‘faded’ (the contrary to explicit scaffolds). This notion is supported by previous studies reporting students using
scaffolds in ways that differed from their design (Balgopal et al., 2017; Roll, Butler, Yee, Welsh, Perez, Briseno et al., 2018). On the
other hand, the script scaffold with the assigned roles was perceived more like additional guidelines that students dismissed: the
videos and audio recordings revealed that although students read the descriptions of the different roles, they did not commit to their
own role. This may relate to the established routines for inquiry and collaboration as we focused on the data from the midpoint of the
course. The results of the study also support this notion as the technology-enhanced CIBL processes in non-scaffolded and script
scaffolded conditions resembled each other based on TLDA (two-sample Kolmogorov-Smirnov tests) and TLSA. Thus, analysing
temporal aspects of learning processes may be one way to investigate differences between the ‘ideal’ script (the learning activities that
the script is expected to produce; cf. Kobbe et al., 2007) and the ‘actual realised’ script (what actually happens in the script scaffolded
condition; Dillenbourg & Jermann, 2007).

Methodologically, LSA is one of the emerging methods of studying learning processes in authentic settings. We took LSA one step
further by introducing the TLSA technique, which enabled us to capture the differences between the conditions from two viewpoints:
(a) the differences between patterns (see Fig. 4) and (b) the temporal emergence of patterns (see Fig. 5). We also used the results of
TLDA in addition to TLSA to form a more comprehensive picture of the role of the two scaffolds in groups' technology-enhanced CIBL
processes. Even though this research was the first attempt to study whether and how TLDA and TLSA can supplement each other, we
were able to find indications that this kind of methodological triangulation may help make more reliable inferences about the
temporal aspects of technology-enhanced CIBL processes without exhaustive content analysis methods. Parallel TLDA and TLSA
functioned as a lens to reveal otherwise invisible differences between the conditions. Namely, the scaffolds guided groups to use the
technological resources (RQ1) differently, which temporarily mediated different IBL transition pattern clusters (RQ2–3). Our method
can also be applied to other contexts as the growing need for temporal analysis in educational research has been widely recognised
(Barbera, Gros, & Kirschner, 2015; Csanadi et al., 2018; Kapur, 2011; Ludvigsen, Cress, Rosé, Law, & Stahl, 2018; Mercer, 2008; Stahl,
2017). However, we invite researchers to pinpoint the kind of temporality they refer to—namely, whether they refer to explicit
monitoring of time from viewpoint of timestamps (RQ1 and RQ3), for instance, or patterns in learning processes without indicating
the instant of time or mutual order of the patterns (RQ2). The potential of parallel TLDA and TLSA highlights the need for temporal
analysis techniques in which the temporality refers to the explicit monitoring of time.
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In addition to the methodological contribution, our study also has other implications. Theoretically, the results of TLSA showed
that technology-enhanced CIBL processes taking place in face-to-face contexts in all three conditions were divided into three distinct
IBL transition pattern clusters with respect to the temporality and the content (Fig. 5). Even though it is well-known that IBL
processes are not linear, and there are IBL transition patterns back and forth between the different IBL phases (Pedaste et al., 2015),
TLSA was able to capture the general progress of the technology-enhanced CIBL processes. Namely, IBL transition pattern clusters
were associated with the orientation phase first, then with the investigation phase in the middle and, finally, with the conclusion and
the discussion phases at the end in all three conditions. The condition, however, seemed to play a role regarding the precise content of
the IBL transition pattern clusters as well as the clusters' temporal emergence. Practically, the outcomes of this study may be useful to
enhance the future development of technological learning environments regarding adaptive scaffolds. As an example, real-time
monitoring of groups' technology-enhanced CIBL processes based on log data (Fig. 3; e.g. Rau et al., 2017) could trigger scaffolds to
use available technological resources if the system monitors undesired behaviour (such as no activities for some threshold time
interval or exceptional frequent use of resources indicating unsystematic actions, cf. Popov et al., 2017).

The limitations with regard to the findings of the study are, first, that TLDA (RQ1) was based on 46 group inputs and timestamps
in the technological learning environment while TLSA (RQ2 and RQ3) was conducted based on 11 follow-up group screen capture
videos and audio recordings. Thus, only three or four follow-up groups in each condition restrict the generalisation of our findings. To
demonstrate that the follow-up groups in each condition were close to the average, we presented their results separately in Appendix
B. The second point, which restricts the generalisation of our findings to other contexts, is that we only focused on a limited amount
of data (one problem shown in Fig. 2). The third point restricting the generalisation of our findings is our choice to empirically design
the writing scaffold and the script scaffold based on our previously identified challenges (cf. Table 1 and Lämsä et al., 2018).
However, there is evidence that the identified challenges may not be context specific (Chang, Chang, Lui et al., 2017; Kapur et al.,
2008; Koretsky et al., 2016; Wang et al., 2014). The fourth limitation is that the measurement of time was not completely com-
mensurable between the TLDA and TLSA. When analysing the log data, the time was calculated in relation to the start points and end
points of the timestamps. The dimension of time in TLSA was based on the serial number of utterances. There also was a small
uncertainty regarding the exact point of the IBL transition pattern because of the method we used to identify episodes based on ‘unit
of meaning’ (Henri, 1992). However, the offset between these two methods of measuring time was not notable.

7. Conclusions

In this research, we first advanced methods for analysing the temporal aspects of TEL processes by introducing the TLSA tech-
nique and by supplementing TLSA with TLDA. Subsequently, we illustrated the potential of these two temporal analysis techniques in
the context of technology-enhanced CIBL by investigating how two scaffolds (facilitation of IBL through writing and facilitation of
CIBL with collaboration scripts) were associated with the technology-enhanced CIBL processes of the scaffolded groups compared to
the non-scaffolded groups when the groups were working face-to-face. Regarding RQ1, we found that despite the similarities in
descriptive statistics of the log data, there were temporal differences in the manner in which the groups in the different conditions
used the technological resources. Regarding RQ2 and RQ3, we found three temporarily distinct IBL transition pattern clusters in each
condition. Furthermore, there were temporal differences when each of these IBL transition pattern clusters emerged. By supple-
menting TLDA (RQ1) with TLSA (RQ3), we found indications that the scaffolds were associated with the use of the technological
resources, which in turn temporarily mediated IBL transition patterns. Specifically, the writing scaffold seemed to guide the students
to familiarise themselves with and use the available technological resources before they actually engaged in the inquiry and vice
versa for the groups in non-scaffolded and script scaffolded conditions. Thus, it seems that the advantages of asynchronous online
discussions (e.g. think and reflect before acting) were partly achievable when face-to-face interaction was enhanced by the writing
scaffold. In our study, the writing scaffold provided procedural support for the students. Future studies could investigate whether
other types of writing scaffolds (e.g. conceptual, metacognitive or strategic; Kim & Hannafin, 2011) have similar advantages and what
temporal distinctions exist between different types of writing scaffolds.

Even though the TLDA on its own inhibits making detailed interpretations of learning processes, it remains a potential method to
study a large number of students over different time frames. Our study presented novel ways of analysing and visualising log data in
conjunction with other learning process data. In this study, we gained a more in-depth picture of group technology-enhanced CIBL
processes by using video and audio data. In the future, rapidly developing tools to capture other sorts of learning process data (e.g.
eye-tracking data, face recognition data, physiological data or prosodic data) will make it possible for researchers to study temporal
aspects of learning processes from various viewpoints. The significance of temporal aspects will probably further increase in the
future as automatic analyses of learning processes (e.g. speech recognition and content analysis on the fly) develop and enable
educational technologies to provide scaffolds for students in a timely manner.
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Appendix A 

Table A.1. Coding manual based on the phases of inquiry-based learning. 

Phase Description Example episode Comment 

Orientation - Stimulating interest in 
and curiosity about the 
problem. 
- Identifying the main 
concepts of the 
assignment. 
- Becoming familiar 
with technological 
resources. 

Ville: ‘What does the [Python] program 
look like?’ 
Leena: ‘Let’s run the [Python] program, as 
there is no need to make any 
modifications to it.’ 
Paavo: ‘Yeah, that’s true. Running . . .  A 
path emerged.’ 
Ville: ‘It looks like a protein sequence. 
The output is a bit silly.’ 

Group is becoming 
familiar with the Python 
program and its output. 

Conceptualisation - Proposing research 
questions or hypotheses. 
- Determining the 
dependent and 
independent variables 
that are needed to solve 
the problem. 

Ville: ‘If it [the total displacement] is 
proportional to t [time], then it will always 
move in the same direction, won’t it?’ 

Ville proposes a 
hypothesis that connects 
the dependent variable 
[the total displacement] 
and the independent 
variable [time]. 

Investigation - Planning data 
collection. 
- Exploring, collecting, 
analysing and 
interpreting data. 

Paavo: ‘How does the [total] displacement 
depend on time? Let’s see, this [the 
number of collisions] is 50. And this 
[atom] almost moved to its [original] 
position. When it goes longer . . . The 
more often it moves . . . If I input 10 times 
longer, for example, or five times 
[changing the value of the number of 
collisions] . . .’. 
Leena: ‘Is it [the total displacement] 
proportional to t [time], to the square root 
of t or to t squared?’ 
Paavo: ‘Now it already moves 15 units.’ 

Paavo collects data with 
the Python program by 
running the program 
with a different value of 
the number of collisions. 

Conclusion - Offering and 
evaluating solutions to 
the research questions 
and hypotheses. 

Satu: ‘Is that a square root [of time]?’ 
Ville: ‘I would believe so.’ 

Satu offers a solution, 
(i.e., the total 
displacement is 
proportional to the 
square root of time), 
which Ville accepts. 

Discussion - Communicating and 
elaborating findings and 
conclusions. 
- Reflecting either the 
entire IBL process after 
its completion or a 
single phase of the IBL 
process in real-time. 

Ville: ‘I am already prepared to answer it 
[the total displacement is proportional to 
the square root of time].’ 
Satu: ‘It cannot be. . . . It cannot be that 
proportional [to time].’ 
Ville: ‘That would mean that it [the atom] 
practically moves in the same direction all 
the time.’ 
Leena: ‘Yeah.’ 
Satu: ‘It cannot be.’ 

The group 
communicates and then 
elaborates upon their 
conclusions by 
excluding one of the 
options, i.e., the total 
displacement cannot be 
proportional to time. 

 



Appendix B 

Table B.1. The results of the follow-up groups based on the log data 

Group 
index 

Scaffold Solution to 
the problem 

Time 
(min) 

Number of runs 
(Python program) 

Number of runs with the same 
value of number of collisions 

1 No correct 22.1 18 2.6 

2 No wrong 17.6 4 1.3 

3 No correct 16.3 9 1.5 

4 No correct 15.5 6 1.2 

5 Writing correct 41.0 9 1.3 

6 Writing wrong 19.0 12 1.5 

7 Writing correct 30.0 6 1.2 

8 Script correct 17.6 3 1 

9 Script correct 17.3 6 1 

10 Script wrong 34.5 22 1.6 

11 Script wrong 20.1 13 1.6 

 



Appendix C 

Table C.1. Standardized residuals (z-scores) of the IBL transition patterns in non-scaffolded condition. 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 3.55*** -0.56 0.17 -0.4 -2.33 
 Conceptualisation -0.88 1.53 0.84 -1.52 -0.29 
 Investigation -0.78 1.92 -2.38 1.6 0.47 
 Conclusion -1.7 -0.69 -1.01 -0.18 2.93** 
 Discussion -0.59 -2.11 2.16* 0.06 -0.05 
*** p < 0.001 ** p < 0.01 * p < 0.05 

 

Table C.2. Yule’s Q values of the IBL transition patterns in non-scaffolded condition (the value -1 
indicates that the frequency of the observed transitions is zero). 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 0.67 -0.18 0.04 -0.16 -0.56 
 Conceptualisation -0.32 0.5 0.21 -1 -0.08 
 Investigation -0.21 0.43 -0.54 0.43 0.09 
 Conclusion -1 -0.35 -0.37 -0.1 0.69 
 Discussion -0.15 -0.64 0.4 0.02 -0.01 

 

Table C.3. Averaged (relative) points (0 = start; 1 = end) in which the IBL transition patterns took place 
in non-scaffolded condition. 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 0.11 0.27 0.35 0.76 0.26 
 Conceptualisation 0.20 0.42 0.57 NA 0.51 
 Investigation 0.47 0.45 0.27 0.86 0.51 
 Conclusion NA 0.87 0.80 0.59 0.79 
 Discussion 0.42 0.53 0.55 0.69 0.78 



Table C.4. Standardized residuals (z-scores) of the IBL transition patterns in writing scaffolded 
condition. 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 1.01 0.43 0.07 -1.39 -0.44 
 Conceptualisation -1.79 2.17* 0.53 0.48 -0.18 
 Investigation -1.39 0.48 -1.07 0.06 1.97* 
 Conclusion -1.9 0.59 -0.43 -0.9 2.31* 
 Discussion 2.21* -2.23 0.9 1.48 -2.52 
*** p < 0.001 ** p < 0.01 * p < 0.05 

 

Table C.5. Yule’s Q values of the IBL transition patterns in writing scaffolded condition (the value -1 
indicates that the frequency of the observed transitions is zero). 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 0.2 0.16 0.01 -0.6 -0.08 
 Conceptualisation -1 0.76 0.19 0.26 -0.07 
 Investigation -0.31 0.17 -0.23 0.02 0.35 
 Conclusion -1 0.31 -0.17 -1 0.64 
 Discussion 0.39 -1 0.17 0.42 -0.44 

 

Table C.6. Averaged (relative) points (0 = start; 1 = end) in which the IBL transition patterns took place 
in writing scaffolded condition. 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 0.17 0.34 0.34 0.65 0.44 
 Conceptualisation NA 0.47 0.37 0.76 0.66 
 Investigation 0.42 0.60 0.62 0.87 0.61 
 Conclusion NA 0.75 0.90 NA 0.87 
 Discussion 0.40 NA 0.71 0.91 0.60 

 



Table C.7. Standardized residuals (z-scores) of the IBL transition patterns in script scaffolded condition. 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 2.98** 0.72 -0.98 -0.56 -1.41 
 Conceptualisation 0.06 -1.1 1.1 -0.33 -0.23 
 Investigation -2.31 0.37 1.45 -0.93 0.8 
 Conclusion -1.14 -1.28 -1.46 1.02 2.31* 
 Discussion 0.54 0.56 -0.28 0.85 -1.03 
*** p < 0.001 ** p < 0.01 * p < 0.05 

 

Table C.8. Yule’s Q values of the IBL transition patterns in script scaffolded condition (the value -1 
indicates that the frequency of the observed transitions is zero). 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 0.61 0.25 -0.26 -0.22 -0.34 
 Conceptualisation 0.02 -1 0.32 -0.17 -0.07 
 Investigation -0.67 0.12 0.28 -0.3 0.15 
 Conclusion -0.52 -1 -0.5 0.34 0.54 
 Discussion 0.13 0.17 -0.05 0.22 -0.19 

 

Table C.9. Averaged (relative) points (0 = start; 1 = end) in which the IBL transition patterns took place 
in script scaffolded condition. 
 Lag 1 Orientation Conceptualisation Investigation Conclusion Discussion 
Lag 0 Orientation 0.28 0.49 0.37 0.60 0.16 
 Conceptualisation 0.48 NA 0.45 0.63 0.56 
 Investigation 0.47 0.48 0.53 0.73 0.50 
 Conclusion 0.35 NA 0.56 0.72 0.79 
 Discussion 0.29 0.48 0.54 0.74 0.56 

 


	ABSTRACT
	TIIVISTELMÄ (ABSTRACT IN FINNISH)
	KIITOKSET/ACKNOWLEDGEMENTS
	FIGURES
	TABLES
	CONTENTS
	LIST OF PUBLICATIONS
	1 INTRODUCTION
	2 THEORETICAL FRAMEWORK
	2.1 Computer-supported collaborative learning (CSCL)
	2.2 Prevalent lines of CSCL research

	3 METHODOLOGICAL FRAMEWORK
	3.1 Temporal analysis
	3.2 Temporal analysis methods
	3.3 Limitations of temporal analysis

	4 AIMS OF THE STUDY
	4.1 Theoretical aim
	4.2 Methodological and empirical aims

	5 TEMPORAL ANALYSIS PROCEDURE FOR CSCL
	5.1 Theoretically framed research aims regarding temporalaspects
	5.2 Context
	5.3 Process data
	5.4 Events
	5.5 Temporal analysis methods
	5.6 Outcomes

	6 TEMPORAL ANALYSIS OF COMPUTER-SUPPORTED COLLABORATIVE INQUIRY-BASED LEARNING
	6.1 Designing scaffolds
	6.2 Analysing the role of the scaffolds in learning

	7 DISCUSSION
	7.1 Reflections on the temporal analysis procedure for CSCL
	7.2 Reflections on the temporal analysis of computer-supportedcollaborative inquiry-based learning
	7.3 Ethical reflections
	7.4 Limitations and reflections on the reliability and validity
	7.5 Implications and future directions

	8 CONCLUSIONS
	YHTEENVETO
	REFERENCES
	ORIGINAL PAPERS
	I WHAT DO WE DO WHEN WE ANALYSE THE TEMPORAL ASPECTS OF COMPUTER-SUPPORTED COLLABORATIVE LEARNING? A SYSTEMATIC LITERATURE REVIEW
	II PRIMETIME LEARNING: COLLABORATIVE AND TECHNOLOGY-ENHANCED STUDYING WITH GENUINE TEACHER PRESENCE
	III VISUALISING THE TEMPORAL ASPECTS OF COLLABORATIVE INQUIRY-BASED LEARING PROCESSES IN TECHNOLOGY-ENHANCED PHYSICS LEARNING
	IV THE POTENTIAL OF TEMPORAL ANALYSIS: COMBINING LOG DATA AND LAG SEQUENTIAL ANALYSIS TO INVESTIGATE TEMPORAL DIFFERENCES BETWEEN SCAFFOLDED AND NON-SCAFFOLDED GROUP INQUIRY-BASED LEARNING PROCESSES




