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Abstract
Technology-enhanced collaborative inquiry learning has gained a firm position in curricula 
across disciplines and educational settings and has become particularly pervasive in sci-
ence classrooms. However, understanding of the teacher’s role in this context is limited. 
This study addresses the real-time shifts in focus and distribution of teachers’ guidance 
and support of different student groups during in-person computer-supported collaborative 
inquiry learning in science classrooms. Teachers’ self-perceptions of their guidance and 
affect were supplemented with students’ self-reported affect. A mixed-methods approach 
using video analyses and questionnaire data revealed differences between teacher guidance 
and support associated with teacher perceptions and group outcomes. Groups’ prior science 
competence was not found to have an effect on teacher guidance and support, rather the 
teachers guided the groups they perceived as motivated and willing to collaborate. Teacher 
affect was compounded by student affect, suggesting that consideration of the reciprocal 
perceptions of teachers and students is necessary in order to understand the teachers’ role 
in collaborative learning.

Keywords Teacher support · Small group collaboration · Science inquiry · Technology · 
Affect · Social network analysis

Introduction

In the transition from traditional teacher-centered teaching and learning to more autono-
mous constructivist learning-centered practices, inquiry learning has been a method 
frequently applied in science education (McNeill et  al., 2013). From an educational 
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perspective, it is essential to distinguish between scientific inquiry (e.g., Lederman et al., 
2019) and inquiry learning and teaching. Scientific inquiry uses empirical findings to 
explain phenomena in the natural world, whereas inquiry learning and teaching refers to 
a learning process in which students solve complex problems, providing reasoning and 
explanation. The teacher’s role is to act as a coach and facilitator of students’ thinking 
while modeling the learning process (Anderson, 2002). Modern technology has enabled 
actual inquiry to be a crucial part of inquiry learning and teaching, but its rapid develop-
ment and adoption in education have increased the need for students to develop new skills 
and competencies (Ananiadou & Claro, 2009; Care et al., 2018). This further suggests the 
need to reinterpret the current competencies of teachers as well.

Empirical findings show that integrating technology with inquiry instruction can help 
teachers to engage their students in experimental investigations, especially in secondary 
science classrooms (Maeng et  al., 2013). However, technological tools, such as virtual 
learning environments (VLEs), cannot assist student learning entirely on their own; teach-
ers are also crucial in supporting students’ technology enhanced learning (Dillenbourg & 
Jermann, 2010). The importance of teacher–student interactive talk and support in scien-
tific reasoning and knowledge building is emphasized in all science learning. Expert teach-
ers establish science understanding by eliciting and acknowledging student responses and 
by clarifying and extending student ideas (Tytler & Aranda, 2015). Challenges arise when 
teachers must calibrate their support with the specific features of the technological tools in 
use (e.g., to compensate for a learning application’s provision of tasks, materials, and built-
in learning supports). As Harris and Rooks (2010) emphasize, teachers need to manage the 
interdependency between science ideas, instructional materials, tasks, and students, and the 
overall social context in order to support and sustain learning.

Science, as a demanding domain, involves complex and challenging learning tasks that 
can be beyond individual attainment and require group work. Thus, collaborative activities in 
scientific inquiry learning are widely recommended, and evidence shows that collaborative 
work in small groups is positively associated with student achievement in high school science 
(Kirschner et al., 2011). However, it can be further claimed that simply offering students the 
opportunity to work in a group context is not sufficient to support high-level science learn-
ing (Sampson & Clark, 2009; Vauras et al., 2019; Volet et al., 2013). Inquiry-based methods 
involving collaboration and enriched technology, which today are typical in science learning, 
fail without adequate teacher guidance to provide sufficient support for learning demanding 
scientific concepts and procedures (Hmelo-Silver et al., 2007; Kirschner et al., 2006; Vau-
ras et al., 2019). Teachers’ adaptive expertise (see Darling-Hammond & Bransford, 2006) is 
required to know how and when to intervene in students’ collaborative work without short-
circuiting their disciplinary thinking (Nolen et al., 2020).

Despite a large body of literature on teacher practices and support in traditional class-
rooms, understanding how teachers implement their expertise in novel, technology-
enhanced collaborative learning environments remains limited. The present study extends 
our understanding of science teachers’ guidance and support of computer-supported col-
laborative learning (CSCL) in high school science when students are engaged in virtual 
experimentation concerning ocean acidification. The study focuses on teacher activity, 
teachers’ self-perception of their own guidance and affect, and student-reported affect, thus 
contributing to the sparse body of knowledge on the intertwined connections of teacher 
guidance and support, affect, and productive learning outcomes. Teachers’ support and 
affect can be considered as crucial components for successful science learning, as a sup-
portive environment may foster not only students’ content understanding but also the task 
value and their positive beliefs in their own abilities. Positive beliefs and teacher support 
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seem to directly impact students’ motivation to engage in learning (Zhang et  al., 2012). 
Further, it is also shown that teachers’ affect impacts their own teaching approach, instruc-
tional behavior, and students’ affect (Becker et al., 2014; Trigwell, 2012).

The purpose and importance of this study will be argued through a review of relevant 
literature underlying the study. First, findings from research on teacher guidance and sup-
port related to inquiry learning and CSCL will be introduced. Second, findings from rele-
vant research on teacher efficacy, beliefs and affect will be reviewed together in connection 
with student affect in inquiry learning.

Teacher guidance and support in technology‑enhanced collaborative inquiry 
learning

Inquiry learning is a typical method used in problem-solving activities in science learning 
(Spronken-Smith & Walker, 2010). It refers to engagement in an active learning process 
where students develop knowledge and understanding of scientific ideas and the way sci-
entists study the natural world. However, inquiry learning, scientific inquiry, and inquiry 
teaching are deeply intertwined (as is the case in the present study). Teachers’ understand-
ing of the nature of inquiry determines the orientation of science learning (Anderson, 
2002). Consequently, there is a wide range of instructional practices for applying inquiry, 
as teachers may have limited views of inquiry-based instruction and the nature of science, 
and these views may be reflected in their teaching practices (Capps & Crawford, 2013; 
Tseng et al., 2013).

Teachers may understand the importance of inquiry but may still lack knowledge and 
strategies for implementation (DiBiase & McDonald, 2015). Teachers also consider their 
role as less important to inquiry learning than the students’ inquiry process itself (Tseng 
et al., 2013). Yet, according to a meta-analysis by Furtak et al. (2012), inquiry lessons that 
are actively guided by teachers have a greater impact on student learning than those that 
are student-led. Students, in comparison, emphasize the balance between student autonomy 
and teacher guidance (Hijzen et al., 2007).

Learning in technology-enhanced collaborative inquiry requires instructional support in 
order to obtain all its benefits, as collaborating students bring different skills and abili-
ties to their work, and there can be problems in group formation, group dynamics, and the 
learning process itself (Kreijns et al., 2013). At best, given the common goal, successful 
regulation of the group’s processes (Järvenoja et al., 2020; Volet et al., 2013) enhances stu-
dents’ ability to gain subject knowledge, develop group skills, and further group cohesion, 
and, consequently, impacts students’ satisfaction with collaborative learning (Dewiyanti 
et al., 2007).

Successful and unsuccessful collaborative groups have been shown to have differ-
ent collaboration patterns and problem-solving strategies. While successful groups use 
more analytical reasoning processes, re-examination, topic-related questioning, and evi-
dence-based scientific argumentation, unsuccessful groups more often apply a trial-and-
error strategy to solve problems without systematic reexamination and argumentation 
(Chang et al., 2017; Telenius et al., 2020). Further, the acts of expressing disagreement, 
proposing ideas, and explaining reasoning often predict group members’ knowledge 
gains (Howe et al., 2007) and thus create learning opportunities. These differences are in 
line with effective groups’ emphasis on mastery goals and social responsibility, whereas 
ineffective groups seem to prefer entertainment and belongingness (Hijzen et al., 2007). 
This is supported by recent studies in which successful groups self-reported immersion 
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in scientific reasoning and meaning-making and perceived motivation, support, and 
sharing in the group (Pietarinen et  al., 2019; Vauras et  al., 2019). Based on this evi-
dence, guiding students in structuring problem-solving actions to create a shared under-
standing is crucial (Chang et al., 2017).

Observing student groups and their progress is particularly important. One study (Chiu, 
2004) found that teacher interventions in small groups resulted in on-task conversations 
and new problem-solving solutions. Conversely, confusion about the procedure led to off-
task discussions and continuous trial-and-error attempts. Most of the students did not ask 
the teacher for help at all. These results emphasize the role of the teacher in identifying and 
responding to students’ needs and supporting help-seeking. It has also been argued that 
divergent patterns of group engagement with task content might reflect different percep-
tions of collaborative learning and that group work does not necessarily imply collabora-
tive learning. Hence, divergent interactional practices may be adopted by different groups 
working on the same assignment, as students are generally not taught how to recognize, 
engage in, and utilize collaborative learning to enhance their learning (Summers & Volet, 
2010). Therefore, teachers play an important role, as teacher support influences student 
participation and achievement (Webb et al., 2019).

Interestingly, while teachers tend to focus on students’ cognitive activities rather than their 
social activities, they are more likely to get involved with groups that exhibit higher student 
activity (Van Leeuwen et  al., 2013). This implies that student groups that succeed in col-
laborating and engaging with a task often obtain more attention from their teacher. This is 
critical, as students with low subject self-efficacy need and benefit from teachers’ emotional 
support, strengthening their emotional and social engagement (Martin & Rimm-Kaufman, 
2015). Moreover, when students lack deep domain knowledge and a repertoire of discipli-
nary practices, guidance may be particularly essential (Vauras et al., 2019). Balancing student 
needs and guidance in collaborative learning demands competences and practices that teach-
ers may not have necessarily mastered or do not apply pervasively.

Well-designed CSCL environments for collaborative inquiry learning and problem-solv-
ing in science with supportive technological tools, such as simulations and virtual labora-
tories, can enhance learning when used in conjunction with teacher provided instructional 
support. In a recent meta-analysis, Chen et  al. (2018) found that the use of CSCL was 
related to better knowledge gains, skill acquisition, positive perceptions of collaboration, 
group task performance, social interaction, and learning outcomes than individual CSL. 
They also found that computer use can generate an active learning approach, increase lev-
els of interest, and develop high-level thinking. Situational and individual elements, such 
as motivation, opportunities for social interaction, experiences of flow, and the environ-
ment itself, influence students’ responsiveness in CSCL. The ability to make active deci-
sions and be in control positively affects learning outcomes, whereas insecurity, lack of 
confidence in knowledge and abilities, and a variety of options within the computer-sup-
ported environment may be detrimental (Ainley & Armatas, 2006).

As the use of technology in learning does not automatically result in engagement in 
learning activities and better learning outcomes (Sinha et  al., 2015), it is important to 
note that some students are not eager to learn from a technology-integrated constructivist 
approach (Tondeur et al., 2017). Further, students’ interactions may not show evidence of 
collaboration, as the fostering of collaborative skills is not embedded in CSCL. A study by 
Kwon et al. (2014) on a CSCL group project in medicine found that most of the groups did 
not demonstrate ideal collaborative interaction patterns. This finding suggests a lack of col-
laborative skills among undergraduate students, and thus the importance of the teacher as 
an instructor and facilitator of both content learning and collaboration.
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Although technology-enhanced learning environments may have built-in scaffolding 
features, students may not be able to benefit from them as they are unfamiliar with the 
environment or lack needed supplementary information. Thus, a human coach plays a cru-
cial role in both individual and collaborative learning activities (Dillenbourg, 2008; Greiff-
enhagen, 2012). In scientific inquiry, the scientists explain phenomena in the natural world 
based on their empirical findings, whereas inquiry learning refers to a learning process 
where students solve complex problems, engaging in reasoning and explaining their con-
ceptualizations as the teacher is directing their learning. As team work is a crucial part of 
scientific inquiry, inquiry learning has adopted collaborative learning as part of the learn-
ing process. In doing so, the aim is also to enhance the learning through co-construction 
of knowledge and understanding, mutual help and support, with the goal of gaining better 
performance than would have been possible independently (see, Kirschner et  al., 2006). 
Technological tools, such as virtual laboratories, have enabled implementation of scien-
tific inquiry to the learning process, providing more authentic learning opportunities also 
in the classroom context. In such technology-enhanced, collaborative inquiry learning, the 
role of the teacher is to support and guide the collaboration process as a facilitator, de-
emphasizing the role of a knowledge expert (Hsieh & Tsai, 2012). However, while studies 
on teacher intervention in students’ collaborative learning activities have been rare in the 
early CSCL tradition (Greiffenhagen, 2012), more emphasis has recently been placed on 
the role of teacher support and guidance activities in technology-enhanced learning envi-
ronments (e.g., Janssen et  al., 2012; Vauras et  al., 2019). Studies relating teacher guid-
ance and support exhibit ample variation in content. The research findings emphasize, for 
example, classroom organization, instructional and emotional support (Hamre et al. 2013), 
management of the science ideas, instructional materials, tasks, students, and the overall 
social context during inquiry-based science instruction, all with the goal of supporting 
and sustaining learning (Harris & Rooks, 2010). Supportive teacher practices build and 
maintain rapport while engendering understanding and classroom management (Anderman 
et  al.,  2011). It has been argued that learning related social support can be divided into 
instructional, emotional, appraisal, and instrumental support (Malecki & Demaray, 2003; 
see also Tardy, 1985). In addition, a more content-focused approach to classroom practices, 
and to the collaborative learning in particular, asserts that during collaborative learning 
the teacher starts with a whole-class introduction, then walks around the classroom, moni-
toring and assessing group performance, maintaining order in the classroom and making 
whole-class announcements during the group work (Greiffenhagen, 2012). Yet, a more 
coherent understanding for teacher guidance and support is needed. Accordingly, there is 
a growing literature on the concept of orchestration, which involves the complex role of 
the teacher guiding multiple groups at the same time. The support provided by the teacher 
in order to manage the guidance and support required for a multifaceted classroom activ-
ity are viewed as orchestration tools, with or without technology (see e.g. Dillenbourg & 
Jermann, 2010; Van Leeuwen & Rummel, 2019). However, not all collaborative classroom 
activities where small groups use material tools or are engaged in laboratory activities, 
have orchestration tools for the teacher and thus, it is of interest to examine teachers’ guid-
ance in these circumstances.

Teacher efficacy, beliefs and affect

Teacher support and guidance is influenced by teachers’ own efficacy beliefs and affect. 
Empirical evidence from classroom studies shows that high school teachers’ self-efficacy 
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has a positive impact on students’ motivation and achievement (Mojavezi & Tamiz, 2012). 
Similarly, with respect to teaching in technology-enhanced learning, Ertmer and Otten-
breit-Leftwich (2010) argue that effective use of technology in the classroom is deeply 
intertwined with not only teachers’ knowledge and skills but also their self-efficacy and 
pedagogical beliefs. Further, teachers’ self-efficacy to teach with technology is more 
important than their competency with technological tools. In their review, Tondeur et al. 
(2017) explain how continuous technology usage and school culture can transform teach-
ers’ more traditional pedagogical beliefs into more student-centered constructivist beliefs. 
At the same time, they highlight the variation across teachers, even within the same school. 
When teaching in technology-enhanced learning is combined with inquiry learning, a more 
comprehensive understanding is desirable. As teacher beliefs are reflected in teacher prac-
tices, teachers with an understanding of inquiry-based learning and technology use have a 
better understanding of instructional principles and thus produce principle-based practice 
patterns, and thus influence student outcomes (Song & Looi, 2012).

While providing help, advice, instruction, and support for students in the classroom, 
teachers also project their own attitudes and feelings. There is a growing body of litera-
ture concerning how teacher affect influences instructional activity. For example, positive 
affect is associated with student-focused teaching approaches (Trigwell, 2012) and with 
cognitive and motivational stimulation and social support (Frenzel et al., 2009). Recipro-
cally, teachers’ emotional processes impact student affect and thus impact student engage-
ment (Mazer et al., 2014). Consequently, it is plausible that a positive emotional tone in 
the classroom creates better learning opportunities and experiences for both students and 
teachers (Hagenauer et al., 2015; Meyer, 2014). Similarly, just as teachers’ affect influences 
their teaching approach, instructional behavior, and students’ affect (Becker et al., 2014), so 
it also affects teacher perceptions of student performance, motivation, and discipline (Zem-
bylas, 2002). In turn, student engagement and teacher-student relationship (Demetriou & 
Wilson, 2009; Hagenauer et al., 2015) influences teacher affect. Accordingly, the interac-
tion between the teacher and the students along with their affect have a reciprocal positive 
or negative impact on instructional behaviour and learning in the classroom. The aspect of 
congruence between students’ perceptions and teachers’ own perceptions of their affect and 
guidance has been a rather neglected area in studies of teacher affect (see, e.g., Hascher, 
2010). Although the literature related both to students’ and teachers’ affect connected with 
inquiry learning is extensive, studies on teachers’ and students’ perceptions of affect have 
mainly combined students’ perceptions of their own affect together with their perceptions 
of teacher affect (see, e.g., Becker et al., 2014; Jiang et al., 2016; Trigwell, 2012). Studies 
that combine both students’ and teachers’ perceptions of their own affect in collaborative 
inquiry learning in VLE are almost non-existent.

There is a continuous need to examine various discrete teacher emotions in the class-
room (see, Frenzel, 2014). Accordingly, the present study adopted a discrete emotion 
approach in order to investigate the insights of certain affective states during teaching in 
the classroom. With the understanding that affect is not stable, but changing over time (see, 
Ahmed et  al., 2010), utilizing multiple measurement points is valuable for displaying a 
more comprehensive perspective on affect in the classroom.

Furthermore, there is a paucity of literature on how affect is related to teacher activ-
ity and, reciprocally, to student feelings in novel, technology-enhanced collaborative 
learning environments (see, e.g. Slakmon & Schwartz, 2019). Additionally, affect is 
seldom under scrutiny in CSCL research or in educational papers partly due to prac-
tices in cultural-historical activity theory that aim to gain objectivity and scientific 
generalization by eliminating subjectivity (Roth, 2007; see also Holzkamp, 1991), and 
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the idea that affect interrupts the actual learning process (Schuman & Scherer, 2014). 
This perception has lately morphed into an understanding that affect, cognition, and 
motivation are inseparable aspects of learning (Kim & Pekrun, 2014). Nevertheless, 
since the theoretical (see Schuman & Scherer, 2014) and conceptual groundings (see, 
e.g., Efklides, 2017) remain somewhat ambiguous, research on affect related learning 
especially in CSCL is scarce and thus of interest.

Study aim and research questions

The aim of the study is to extend our understanding of the teacher’s role in collaborative, 
virtual, hands-on experimentation of ocean acidification, which combines biology and 
chemistry. Although teachers are considered important facilitators of technology-enhanced 
collaborative inquiry (Dillenbourg, 2008; Hsieh & Tsai, 2012), few studies have looked at 
how they intervene in collaborative learning activities (Greiffenhagen, 2012), especially 
when orchestration tools are not available for the teacher in guiding the collaborating 
groups in the VLE. Ocean acidification as a learning and teaching phenomenon creates 
challenges especially with respect to virtual hands-on experiment due to the interdiscipli-
nary nature and scarcity of proper VLE, along with the aim to provide student-active forms 
of learning and exploratory activities (see, Fauville et al., 2013). Some studies indicate that 
effective collaborative learning instructors can benefit from well-designed material and 
technological tools that allow them to guide student teams in disciplinary activities (e.g., 
Vauras et al., 2019). However, school expectations may interfere with a teacher’s role as an 
effective instructor and therefore negatively influence the provision of engagement oppor-
tunities (see Lo & Tierney, 2017). Consequently, the feelings and emotions of teachers that 
arise in these contexts deserve attention, as does student affect, which might also be viewed 
as a reflection of teachers’ guidance and affect (see, Jiang et al., 2016).

The present study adopted a mixed-method approach, leveraging both video and ques-
tionnaire data to provide an in-depth understanding of the target phenomenon (see Turner 
& Meyer, 2000). The study explores the real-time division and focus of teacher guidance 
and support, which are associated with teachers’ assessment of their own guidance and 
affect when working with collaborative groups. Teacher support is also explored as it 
relates to different attributive properties of student groups and group achievement.

In addition to a systematic analysis of the focus of teacher support, concepts from 
social network analysis (SNA), such as the centralization of interaction, were applied. This 
approach made visible the distribution of teacher support across distinct groups. Three 
research questions were formulated, as follows:

1) What is the nature and magnitude of teacher guidance and support that emerges across 
different classrooms?

2) How are teacher guidance and support distributed among the student groups? How is 
the distribution of teacher support related to groups’ motivational features, prior science 
competence, and outcomes?

3) What is the nature of the relationship between teachers’ perceptions of their own affect, 
guidance, and support and that of their students’ self-reported affect?
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Participants

The participants of this study were four high school science teachers and the students they 
taught in each of their four classes (N = 56). The students were 16- to 18-year old senior 
high school students pursuing advanced biology or chemistry classes. Two of the science 
teachers had majored in biology (pseudonyms Paula and Henrik) and two in chemistry 
(pseudonyms Elisa and Leo). With respect to their expertise, particularly their discipline-
related content knowledge, Paula and Leo were experienced biology and chemistry teach-
ers, respectively, whereas Henrik and Elisa were at the beginning of their respective 
careers. Regardless of the level of their experience, all the teachers were novices at guiding 
students in VLEs. The composition of the VLE used in this study supported structured 
inquiry (see Windschitl, 2003).

The teachers sorted the participating students into 19 small groups of three, and two 
pairs. When forming groups, students’ disciplinary knowledge and English language 
background were balanced to assure equal learning opportunities for the groups. As the 
study was an integral part of their course, the students received course credit for their 
participation.

Participation was voluntary for all participants. All teachers and students (or, if minors, 
their legal guardians) gave written consent, which included permission to videotape all 
work. Video material was processed privately by the authors only. All coded data were 
anonymized, and pseudonyms were used to identify teachers. All material was stored 
according to the regulations. Ethical principles were stringently followed in accordance 
with the university and national guidelines.

Learning environment

The Virtual Baltic Sea Explorer (ViBSE), a web-based learning environment, was used in 
this study. It was designed by professionals in education, biology, and chemistry to create 
a virtual expedition in a research vessel to study environmental changes in the Baltic Sea. 
The VLE provided a virtual laboratory for experiments, information, and material from an 
authentic research vessel, R/V Aranda, including interviews and a library that integrated 
topics on biology and chemistry. Authentic data from marine biology studies (Bonaglia 
et al., 2013; Engeström-Öst et al., 2014) provided the basis for the VLE to guide experi-
mentation and conclusions. The main aim of the VLE was to scaffold collaborative learn-
ing to provide students with a deeper understanding of specific science phenomena through 
shared problematizing and integration of knowledge from two science disciplines. One 
challenge was that the environment was operationalized in a dominant science language, 
that is, English, instead of the students’ native language.

Procedure

All teacher and student classroom activities were videotaped and audio-recorded. Students 
worked in the VLE during their regular lessons as part of their course. Information and 
guidance on how to use the VLE, as well as on how to collaborate as a “researcher team” 
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(student task) and scaffold the collaborating teams (teacher task), were provided before the 
working period began.

The working period included three sessions of 75 to 95 min. Each session followed one 
of the phases of scientific research: 1) hypothesis and experiment planning, 2) experimen-
tation and analyses, and 3) conclusions and a joint group presentation. Each small group 
worked autonomously at its own table with a shared laptop, and teachers provided guid-
ance and support when necessary. At the end of each session, the teacher completed a 
paper-and-pencil questionnaire, documenting their perceptions of the collaboration of each 
small group as well as their own affect and guidance. The students completed a paper-and-
pencil questionnaire on their affect similarly.

Measures and data

Group outcome was measured by the groups’ jointly constructed PowerPoint presenta-
tions at the end of the working period, which reflected their learning and achievement. 
Two qualified science professionals in biology and chemistry evaluated the presentations 
on a 6-point Likert scale. Evaluation criteria included the structure of the presentation, 
understanding of the task, hypotheses, research plan, conclusions, and the contextual 
appropriateness of scientific language. The outcome levels comprised six levels (1 = low-, 
2 = low + , 3 = average-, 4 = average + , 5 = high-, 6 = high +). All groups were labeled 
based on their outcome level. The quantitative outcome measure (1–6) was used to separate 
the groups (e.g.,  High6 = high outcome, highest outcome level).

Students’ prior science competence was determined by their previous individual grades 
in biology and chemistry courses. The number of courses varied from two to five per stu-
dent; hence, an aggregated mean grade was computed to indicate the group’s prior science 
competence.

Students’ affect was assessed using a systematic paper-and-pencil questionnaire that stu-
dents completed independently after each working session. The affect scale was based on 
the valence of positive and negative affect, using a 10-point bipolar Likert scale, evaluating 
12 items from the orthogonal positive and negative affective states, representing 24 affec-
tive states, e.g., enthusiastic–bored, excited–tired, satisfied–frustrated (see Pietarinen et al., 
2019). For frequency analyses, values ranging from 1 to 4 were classified as negative, 5 to 
6 as neutral, and 7 to 10 as positive. The affect scale measured valence (orthogonal posi-
tive and negative affective states) and arousal (activating and deactivating affective states) 
based on the circumplex model of affect (Feldman Barrett & Russell, 1998; Linnenbrink-
Garcia et al., 2011; Scherer, 2005). The measure of the collective affect of a student group 
was an average of the members’ values. The teacher’s evaluation form was a three-part 
questionnaire used at the end of each working session. First, the teachers assessed their 
impressions of how each of the groups performed. The questions comprised a 10-point 
bipolar Likert scale (four items) assessing collaboration: Easily grasped demanding chal-
lenges/Avoided challenges and Favored working alone/Favored collaboration; the valence 
of collaboration: Worked negatively and non-enthusiastically/Worked positively and enthu-
siastically and Unmotivated and off-task/Strongly motivated and on-task. These four items 
were divided into two components: collaboration and motivation and emotional valence. 
Second, the teachers assessed their own guidance and support of the student groups on a 
10-point Likert scale (six items); for example, I found it easy to observe separate groups/I 
found it difficult to observe separate groups. For the frequency and SNA, values ranging 
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from 1 to 6 were classified as low, 7 to 8 as average, and 9 to 10 as high. Third, teachers 
were asked to assess their own affect while working with the groups using a systematic 
affect scale based on the valence of positive and negative affect of a 10-point bipolar Likert 
scale in the same manner than students’ assessment (six items); calm–tense, glad-irritated, 
enthusiastic-unenthusiastic, satisfied-unsatisfied, energetic-tired, confident-insecure. For 
the frequency and SNA, values ranging from 1 to 4 were classified as negative, 5 to 6 as 
neutral, and 7 to 10 as positive. The teachers’ evaluation form on affect and guidance was 
constructed identically with students’ evaluation form, which has been validated with SEM 
analyses and strengthened with video observations (see, Pietarinen et al., 2019, 2020).

Video observations on the distribution of teacher guidance and support of the groups 
were executed by calculating systematically the number of times a teacher visited each 
group and the number of times a teacher visited a group that requested the teacher’s attend-
ance in their group conversation to provide guidance and help. The applicable video data 
for each teacher, including guidance given to the whole class and the individual groups and 
observance of group progress, were as follows: Paula 2 h 14 min 23 s (60% of total 3 h, 
42 min, 26 s; total time = all activity in the classroom, including time spent answering the 
questionnaires); Henrik 2 h 16 min 26 s (58% of total 3 h, 55 min, 31 s); Elisa 1 h 23 min 
30 s (46% of total 2 h, 59 min, 47 s); and Leo 1 h 15 min 53 s (38% of total 3 h, 18 min, 
24 s).

Coding for the focus of teacher guidance and support was based on previous findings in the 
literature, highlighting socio-emotional, instructional, cognitive (the task), and classroom man-
agement (e.g., Anderman et al., 2011; Malecki & Demaray, 2003), and supplemented with tech-
nical guidance as an essential dimension in CSL. The focus of teacher attention was coded based 
on verbal interactions between teachers and groups, illustrating the nature of guidance and sup-
port. Teachers’ real-time activity and the focus of teacher attention was documented systemati-
cally from the videos, using mostly videotapes capturing the whole classroom activity. The cod-
ing was challenging, thus requiring repetition and in unclear cases, videotapes from a specific 
group were used to clarify the reason for a teacher’s visit. A moment-to-moment activity coding 
aggregated a total of 913 activity sequences. An extract from the detailed coding form is pre-
sented in the Appendix Table 3. The coding for focus of teacher verbal guidance and support 
during the specific virtual inquiry learning in all four cases was defined as a choice between tech-
nical, content knowledge, task management, socioemotional support, off-task discussions, and 
general guidance for the whole class (see Table 1). Verbal guidance and support were supple-
mented with observing, designated as when a teacher paid silent attention to a particular group. 
In-depth elaboration on student activity in the groups as well as insights into students’ affect and 
collaboration can be found from Pietarinen et al., 2020.

Analyses

The data for the SNA was collected by the video observations, see Table 1, regarding the four 
science classrooms. The data was coded as square matrices, one for each class, so that the teacher 
and the groups were placed both on the rows and columns, and the cells of the table indicated 
frequency of interaction. A standard network analysis software, UCINET (Borgatti et al., 2002), 
was used to model network topography for each teacher’s connections to the student groups in 
their classroom. In this study, the focus was on the number of connections made between teach-
ers and the student groups in their classroom (i.e., not between the student groups) and how they 
were distributed in terms of centralization of interaction.
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The SNA was executed using the square matrices and including the following cat-
egorical variables: i) student groups’ prior science competence (aggregated grade means 
reported by the students themselves, high/average/low); ii) teachers’ perceptions of each 
group (questionnaire data high/average/low, including collaboration and socioemotional 
evaluation); and iii) group outcome (evaluated by the experts, high/average/low). The dis-
tribution of teachers’ communication with the student groups in their classrooms (SNA 
data) was tested by Blau’s heterogeneity measure to see which factors (categorical vari-
ables), if any, influenced the centralization of interaction.

Results

The focus of teacher guidance and support in different classrooms

Taken together, almost half of the working period (48%) was spent providing support in 
task management (20%), content knowledge (13%), and technical guidance (15%). How-
ever, the teachers observed the groups rather intensively (40%), as can be seen in Fig. 1. 
Off-task discussions (4%) and general guidance (4%) for the classroom (typically occur-
ring at the beginning and end of the working period) were rare. Somewhat surprisingly, 
teachers’ socio-emotional support was minimal (4%) despite the fact that the students were 
working in a new and challenging learning environment. The duration of teacher guidance 
and support activity sequences varied between 1  s to 5 min, general guidance excluded. 
The longest sequences were in content knowledge, task management and technical guid-
ance, respectively.

Visible variance was observed between the teachers regarding their guidance and sup-
port (Fig.  2). With respect to content-related guidance, Paula and Henrik spent most of 
their time supporting content knowledge construction. Paula visited her groups often but 

336

40 %

34

4 %126

15 %

170

20 %

113

13 %

33

4 %

30

4 %

Observing General Technical Task management Content knowledge Socio-emotional Off-task

Fig. 1  Total amount of teacher guidance and support in all four classrooms in frequencies (ƒ) and percent-
ages (%)
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briefly, whereas Henrik’s visits were rare but more sustained. In comparison, Elisa and 
Leo provided little guidance related to content knowledge. Instead, they spent most of their 
time guiding task management. Henrik and Paula guided their groups in task management 
issues as often as Elisa did, but their visits were much shorter.

With respect to technical guidance, Paula spent the most time and visited her groups 
often to provide technical assistance. For the other teachers, technical guidance was a minor 
issue. The teachers seldom provided general guidance. However, Elisa spent 34% of her 
guidance time explaining general issues to the entire class but observed her groups remark-
ably rarely. The other three teachers observed their groups for about the same amount of 
time. Overall, Paula visited her groups most often, and her guidance and support were fairly 
equally distributed between content and technical issues, whereas the other teachers visited 
their groups less frequently and focused mainly on content or task-related issues.

The distribution of teacher guidance and support for the distinct outcome groups

There were differences between the classrooms regarding group outcomes, irrespective of 
the teachers’ core discipline (biology or chemistry) (Fig. 3). All three outcome levels (high, 
average, and low) were present in Paula’s and Elisa’s classes, but only average and low out-
comes were present in Henrik’s and Leo’s classes. Considering content knowledge, which 
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Fig. 2  Teachers’ guidance and support in four classes (ƒ) and the duration of attention in minutes
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Paula and Henrik spent more time on than the others, the different outcome groups all 
received support but with varying numbers of visits. Leo provided content knowledge sup-
port to all groups, whereas Elisa only did so for two groups, leaving one average group as 
well as the only low outcome group without support.

Further, all 19 groups received technical guidance, and their progress was observed 
within varying periods. Notably, one group in each of three classrooms did not receive any 
socio-emotional support. In Elisa’s classroom, the two best outcome groups were left with-
out any socio-emotional support. Regarding off-task discussions, Leo talked only with the 
best outcome group in his classroom. Elisa did not have off-task discussions with the weak-
est group. In sum, all teachers observed their groups and provided guidance and support 
for task- and technical-related issues, but socio-emotional support and off-topic discussions 
were only realized with some groups. Notably, the best performing groups did not receive 
more guidance and support than the other groups when comparing the number of visits per 
group, except in one case in which Henrik guided the best performing group the most.

We also looked at whether the teachers shared their guidance and support in an equita-
ble way driven primarily by varying group attributes (see Table 2 for categories). Teacher 
guidance was quantified based on frequency of interaction, that is, how many times the 
teacher was in contact with a group, rather than on the amount of time spent with the group. 
Blau’s heterogeneity measure applied across teachers revealed that they differed in terms 
of how equitably they visited the groups (see Table  2). For results related to the group 
outcome (high/average/low), Paula and Elisa guided their small groups rather equally. For 
Henrik and Leo, interpreting the results is difficult due to small group outcome variance. A 
low support and guidance level seemed to be associated with homogeneity and low group 
outcomes (i.e., unequal distribution in interaction appeared biased toward low achievers, 
but the causal explanation for this is unclear). Furthermore, the most notable differences 
in teacher guidance and support in the classroom related to teacher perceptions of group 
collaboration, as teachers frequently guided the groups that they perceived as most willing 
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to collaborate. Only one teacher, Elisa, exhibited variation in her guidance and support for 
small groups with respect to her perceptions of motivation and socio-emotional valence in 
the groups. Regarding the groups’ prior science competence, Paula’s guidance and support 
strategy differed from other teachers, as her groups were the most equally distributed in 
terms of level of prior science knowledge.

Teachers’ perception of their own affect and their guidance in relation to their 
students’ self‑reported affect

To understand the guidance and support provided by the four teachers, teachers’ percep-
tions of their own affect and guidance were examined using the questionnaire data from 
three measurement points (taken at the end of the planning, experimentation, and conclu-
sion phases). Paula reported a positive initial phase for her guidance, but more challenges 
arose during the experimentation phase. She confronted challenges in providing guidance 
and support, such as difficulty integrating biology and chemistry, providing good hints 
for the groups, and intervening in group collaboration. Eventually, during the conclusions 
phase, her perception again became more positive. Paula showed only a positive self-
reported affect (activated–deactivated–combined).

In comparison, Henrik reported equally positive and negative perceptions with respect 
to his guidance, indicating challenges in noticing when his guidance was needed, following 
the groups’ progress, and guiding the groups. He also experienced challenges in integrat-
ing biology and chemistry throughout the guiding process. Henrik’s perception of his own 
guidance collapsed toward the end, as he reported dominantly negative perceptions of his 
own guidance, indicating difficulties in determining when and how to guide the groups. His 
self-reported affect showed a notably high proportion of negative affect (nearly half), com-
pared to the other teachers, and most of the affect he reported was deactivating in nature 
(positive–negative–combined). He repeatedly reported being unenthusiastic and tired. He 
also expressed some insecurity and irritation, as well as some excitement at the end.

Elisa perceived her guidance as mainly positive at the start but more negative later on. 
She experienced some minor challenges in giving hints, knowing when to avoid interven-
ing in groups’ collaboration, and identifying when her guidance was needed. Like Paula 
and Henrik, she experienced some difficulty integrating biology and chemistry. Regard-
ing affect, Elisa reported some negative activating affect at the beginning of the work-
ing period, indicating discontent, but her affect became more positive during the last two 
phases.

In contrast, Leo showed only a positive affect and a strikingly positive perception of 
his guidance. He experienced only minor difficulty in knowing when to avoid intervening 
in the groups’ performance. Self-reports of teacher guidance and affect are presented in 
Fig. 4.

Finally, the affect of all students in the four classrooms was analyzed, demonstrating a 
relationship between teacher and student affect (Fig.  5). Students reported similar affect 
during the planning phase; differences emerged during the experimentation and conclu-
sion phases. Although Paula reported having a very positive affect throughout the work-
ing period, her students’ affect corresponded more closely with Paula’s perceptions of her 
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guidance. The students’ affect was slightly negative during the planning and experimenta-
tion phases but more positive during the conclusions phase.

Henrik had a negative perception of his affect and guidance. His students’ perceptions 
were in line with his, though not as intense. Elisa’s students reported rather stable affect 
throughout the working period, remaining mostly positive and only occasionally negative. 
There was more variation in Elisa’s perception of her affect and guidance: she reported 
some negative affect during the planning phase, and her perception of her own guidance 
became more negative during the experimentation and conclusions phases. In contrast, Leo 
reported a very positive affect and perception of his own guidance. However, Leo’s stu-
dents reported some negative affect during the planning and conclusion phases, despite 
Leo’s perception that his guidance was nearly perfect during this time.
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Discussion

This study focused on the real-time guidance and support provided by science teachers 
during in-classroom small group CSCL. A multimethod analysis demonstrated the real-
time focus and distribution of teachers’ guidance and support between different small 
groups in their classrooms, and the reciprocal relationship between teacher and student 
affect. Our findings contribute to our currently limited understanding of teachers’ role in 
facilitating CSCL in science and the multifaceted and complex nature of classroom activi-
ties and instruction.

Real‑time emergence of guidance and support in the classrooms

Teachers were highly instruction oriented, as evidenced by rare off-task discussions with 
the students. As expected, whole class general guidance was subordinate to guidance for 
individual groups. However, when paying attention to groups, teachers spent more than 
a third of the time observing group performance. This may partly reflect teachers’ under-
standing of the guidelines’ suggestion not to control but rather to guide and support as 
needed; however, the act of guiding students in collaborative inquiry learning in a VLE 
they were unaccustomed to likely also influenced teachers’ activity. Also the rather 
demanding topic of ocean acidification that combines two science disciplines, biology 
and chemistry, might have influenced teachers’ guidance and support, as they had majored 
only in one discipline. The findings from teachers’ self-evaluation support this assumption. 
However, all four teachers did have the same strategy during the lessons, as they started 
with a joint introduction, then walked around the classroom, observing and assessing group 
performance and occasionally making whole-class announcements, which is in line with 
the empirical findings of Greiffenhagen (2012). When teachers were walking around the 
classroom and observing the groups, they regularly stopped by a group, provided help 
if needed, and then followed the group activity for a while assuring that the group could 
proceed without further problems. Typically the teacher left the group only when the tar-
get problem was solved and the group was ready to continue their collaboration. Thus, 
the groups were not left prematurely without guidance because of a need arising within 
another group.

When providing support, the teachers spent only a third of their time on the actual sci-
ence tasks, that is, supporting either task management or content knowledge. To some 
extent, support related to the actual task content was likely hindered by technical issues, 
which demanded a fair amount of teacher assistance. The teachers’ own perceptions of 
their guidance support these assumptions.

Furthermore, the teachers only occasionally provided socioemotional support to the 
groups. This observation might be of concern and important to explicitly study in the 
future, as high-level emotional support from a teacher can enhance emotional and social 
engagement and compensate for students’ feelings of low self-efficacy (Klem & Connell, 
2004; Martin & Rimm-Kaufman, 2015). Stronger socio-emotional support would enhance 
student engagement and self-efficacy, and consequently, the collective outcome of the 
less successful groups. Relationally small amount of support for student groups may have 
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been due to teachers misinterpreting group behavior or progress (e.g., a group may have 
appeared to be on-task and may not have asked for guidance directly) or being inattentive 
in observing a particular group’s activities.

The guidance and support of the teachers’ was not connected to the group outcome 
level. Interestingly, both video analyses and SNA revealed that teachers eagerly guided 
groups that they perceived as active and more willing to collaborate, although this effect 
was not systematically found for all teachers. This finding is consistent with earlier research 
suggesting that teachers get more involved with high-activity groups (Van Leeuwen et al., 
2013). Selective attention, directed mainly at small groups already successfully engaged 
in the task, can be detrimental if the group lacks competence regarding the topic or has 
low self-esteem (Martin & Rimm-Kaufman, 2015). This highlights the importance of pay-
ing attention and providing support, both content and socio-emotional, to groups with low 
task-related self-confidence (see Pietarinen et al., 2020).

Some notable differences among teachers did occur. First, the time and distribution of 
teacher guidance for groups ranged from full-time attention to only half-time engagement. 
This finding is consistent with that of Osborne et al. (2013), who found that teachers dif-
fered with respect to their innovative pedagogical practices. In the case of the present study, 
the teachers had to adopt new pedagogical practices in what was for them a novel learning 
environment. Further, Osborne et al. (2013) found that these differences were compounded 
by school policy, departmental culture, and leadership style as well as by differences in 
teachers’ expertise, beliefs, priorities, and teaching goals. Similar findings with respect to 
differences in teachers’ scaffolding practices and affect related to chemistry and physics 
learning in the classroom have been found by Maria et al. (2003) and Ritchie et al. (2013).

In the present study, one of the teachers represented an almost ideal image of a guiding 
teacher with respect to the distribution and focus of guidance, resulting in rather satisfac-
tory group outcomes. This pattern is in line with findings suggesting that the attention and 
time provided by the teacher are connected to higher academic achievement (see, Tennant 
et al., 2014) and students’ motivation to engage in education (Zhang et al., 2012). Despite 
experiencing challenges and having the highest number of small groups, this teacher was 
able to successfully guide the groups toward their common goal. This is consistent with 
the findings of Song and Looi (2012) suggesting that teachers with an understanding of 
inquiry-based learning and technology use have a better understanding of instructional 
principles and are therefore able to adapt principle-based practice patterns, which in turn 
impact student outcomes. Evidently, in addition to distribution, the foci of guidance and 
support need to be considered in order to understand the impact of teacher support on aca-
demic achievement. Teachers’ own perceptions of their guidance and support, along with 
self-reported teacher and student affect, shed further light on the complex relationship 
between guidance and learning outcomes. More successful teachers seemed to be reflective 
and questioned their current competences as instructors in a new educational environment. 
However, teachers’ activities revealed a distinct portrait. For instance, high criticality in 
guidance and support together with a highly negative affect was associated with students’ 
negative affect and the weak outcomes of the small groups in this study. This is in line 
with findings emphasizing how teachers’ emotions and instructional behavior are related 
to students’ emotions and thus academic performance (Becker et al., 2014) and how the 
emotional tone in a classroom impacts both the teacher’s and students’ experiences and 
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learning (Meyer, 2014). It is also plausible that the groups with poor performance lacked 
confidence (see Pietarinen et al., 2019), possibly evoked by the teacher’s hesitant behav-
ior and moments of insecurity. In contrast, guidance and support perceived as extremely 
positive together with a purely positive affect was associated with students’ reported nega-
tive affect. These findings are unexpected in light of collaborating groups’ weak learning 
outcomes. One possible explanation stems from evidence suggesting that teachers’ self-
efficacy beliefs may be more important than their actual skills and knowledge when imple-
menting technology in the classrooms (Ertmer & Ottenbreit-Leftwich, 2010). Interestingly, 
highly positive self-reflections, likely reflecting high self-efficacy beliefs, and simultane-
ous “instructional loafing”, were related to low distribution of guidance and support across 
groups and relatively low learning outcomes as a result. This finding might highlight teach-
ers’ limited view of inquiry-based instruction, lack in knowledge and strategies in imple-
mentation, even though they understand the importance of inquiry (Capps & Crawford, 
2013; DiBiase & McDonald, 2015; Tseng et al., 2013). Further, if students are left without 
guidance and support during inquiry lessons, that can interfere with their learning (Furtak 
et al., 2012).

Limitations and future directions

The study provided insight into the real-time focus and distribution of science teachers’ 
guidance and support during collaborative virtual inquiry learning in interdisciplinary 
VLE. However, methodological considerations place limitations on the conclusions that 
can be drawn from this study. As the purpose of the study was to capture all activity that 
occurred in distinct classrooms during the entire teaching and learning period, a qualitative 
content analysis of discussions between teachers and groups was not feasible. However, 
as teachers appeared to direct their guidance and support toward active and cooperative 
groups, future research should investigate the teacher guidance and support provided to 
less active groups (see Van Leeuwen et al., 2013).

Another limitation of this study was the small sample size. A larger sample of teach-
ers and small groups could have revealed clearer patterns in teacher guidance and support 
and thus provided more generalizable results on teacher activity in the classroom. Despite 
this, this study offers insights into science teachers’ real-time guidance and support in four 
distinct classrooms, combined with distinct outcome groups, and thus goes deeper than 
general conclusions would have. Moment-to-moment systematic analysis was executed at 
a detailed level of coding for every second of the videos. This level of detail and compre-
hensiveness lends a transparency to the data analysis, resulting in a form of reliability and 
validity in place of what might arise through triangulation in a more quantitative large-
scale analysis. Accordingly, this comprehensive approach was selected in order to enable 
replication of the study in the future.

SNA was implemented to extend our understanding of teacher guidance and support by 
capturing the real-time division and focus of teachers’ guidance and support in this CSCL 
setting. Diversity and heterogeneity in teacher guidance were emphasized over homogene-
ity and biased guidance practices based on the analysis, and SNA was therefore demon-
strated as an apt tool for this research. The idea of direction, which is central in SNA, was 
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first introduced in early social support research (see Tardy, 1985) and is thus applicable for 
further investigation with respect to social interaction within the classroom.

Future studies should aim to gather more in-depth, multimethod evidence of the real-
time division and focus of teachers’ guidance and support in different CSCL contexts to 
enhance awareness of instructional patterns in CSCL and challenges in the implementa-
tion of unbiased practices. Further, the adaptability of teacher guidance and support was 
beyond this study. Teacher’s intentions and thoughts are challenging to detect and therefore 
specific research methods such as eye tracking or think-aloud might help in the future in 
making the cognitive actions visible (see, van Leeuwen & Rummel, 2019).

Moreover, teacher’s and students’ affect were measured in very general terms and were 
not related to the adaptability of the guidance. Hence, research that takes into account the 
reciprocal perceptions would deepen the understanding of the teachers’ role in collabo-
rative learning. However, the measures were proved valid in light of the literature when 
emphasizing the interconnection between teachers’ affect, instructional behavior and stu-
dent affect. Therefore it would be essential to further examine teacher and student affect in 
CSCL to deepen the understanding of the influence of teacher-student relationships, affect 
and instructional behavior in the classroom.

Concluding remarks

This study used a systematic approach to examine and characterize the real-time guidance 
and support that teachers provide to small groups during collaborative inquiry learning in 
interdisciplinary VLE along with teacher and student affect. Although teacher activity in 
the classroom always reflects teachers’ individual perceptions and practices, this study pro-
vides evidence of similarities in teacher activity that occur in distinct classrooms and thus 
influence students and student learning.

Notably, despite challenging tasks and environments, socio-emotional support was 
found only occasionally in the classrooms and not distributed equally to all peer groups. 
This seems to imply that the teachers may not have been adept at encouraging and sup-
porting group collaboration and engagement in modern learning environments. Similarly, 
and surprisingly, it was found that teachers were less inclined to guide groups experiencing 
more challenges and more eager to guide those they perceived as motivated and willing to 
collaborate. Such bias suggests that teacher guidance and support can deepen the differ-
ences between the groups and their activities instead of reducing obstacles to learning for 
those most in need. The mechanisms underlying this finding open new directions for future 
exploration of teacher support.

This study investigated both student and teacher affect as an important aspect of class-
room climate that influences teaching and learning, addressing the reciprocal relationship 
between affect, guidance, and support. It was shown that the classroom is an emotional 
place where teaching and learning are intertwined, and both teacher affect and activity 
and student affect and activity interact, influencing learning performance and outcomes. 
Although the role of a teacher in CSCL has been emphasized in the literature, more empiri-
cal studies focusing on teacher guidance and support and reciprocal interaction within stu-
dent groups in CSCL contexts are needed to understand the complex prerequisites for pro-
ductive engagement and learning.
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