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Abstract

This paper reviews the ways in which interactions have been studied, and the findings of such studies, in science
education in both face-to-face and remote laboratories. Guided by a systematic selection process, 27 directly
relevant articles were analysed based on three categories: the instruments used for measuring interactions, the
research findings on student interactions, and the theoretical frameworks used in the studies of student
interactions. In face-to-face laboratories, instruments for measuring interactions and the characterisation of the
nature of interactions were prominent. For remote laboratories, the analysis of direct interactions was found to be
lacking. Instead, studies of remote laboratories were mainly concerned with their practical scope. In addition, it is
found that only a limited number of theoretical frameworks have been developed and applied in the research
design. Existent theories are summarised and possible theoretical frameworks that may be implemented in studies
of interactions in undergraduate laboratories are proposed. Finally, future directions for research on the inter-
relationship between student interactions and laboratory learning are suggested.
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Introduction
The laboratory is considered by many researchers to play
an important role in science education (Hofstein &
Lunetta, 2004; Johnstone & Al-Shuaili, 2001). With the
increasing use of automation in higher education, two
new forms of technology-augmented practical activities,
simulated and remote laboratories, have been commonly
used as alternatives or supplements for the traditional
face-to-face laboratories (De Jong, Linn, & Zacharia,
2013; Lindsay & Good, 2005). For each laboratory type,
researchers have made investigations from multiple
viewpoints, namely the new techniques or teaching
strategies implemented in laboratories (Botero, Selmer,
Watson, Bansal, & Kraft, 2016; Saxena & Satsangee,
2014), the description of learning objectives/outcomes
for individual laboratories (Bright, Lindsay, Lowe,
Murray, & Liu, 2008), and the comparison of traditional
and technology-augmented laboratories (Brinson, 2015;
Faulconer & Gruss, 2018; Ogot, Elliott, & Glumac,

2003). However, most of the comparison of the three
modes of laboratories has focused on learning outcomes
and less on students’ learning processes and interactions.
Furthermore, even though some of the simulated and
remote laboratories were initially developed to be con-
ducted in distance learning, and interactions have been
systematically discussed widely in distance education,
there is currently no overview of the literature on
interactions in discipline-specific journals. This review
addresses the characterisation of studies of interactions
in hands-on/face-to-face and remote science laborato-
ries. Simulated science laboratories will not be covered
in this review because they do not entail the mani-
pulation of physical equipment as a key activity in the
conduct of the laboratory experiment.
Interactions have long been seen as important entities

in science education. According to the theory of distri-
buted cognition, learners’ performance and learning
effects are significantly influenced by the interactions
between the learner and the learning environment (Cole
& Engeström, 1993; Nakhleh, Polles, & Malina, 2002). In
science laboratories, the learning environment comprises
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elements such as the learners themselves, other learners,
instructors, laboratory manuals, internet, equipment and/
or computers. Four types of interactions, namely Student-
Student Interaction (S-S), Student-Instructor Interaction
(S-I), Student-Equipment Interaction (S-E) and Indirect
Interaction (I-I) are common in science laboratories
(Moore, 1989; Sutton, 2001). In other words, learners’
interactions occur with other students, the instructor, the
equipment or vicariously (i.e. students listen to interactions
in which they are not direct participants).
Traditionally, science laboratory equipment was manip-

ulated directly by the student, meaning that the learners
are in the same location as other elements of the learning
environment. However, remote laboratories have become
more common, where computers and other technologies
are playing important roles in the learning process. In re-
mote laboratories, the learners manipulate real equipment
and the data results from their manipulation. Neverthe-
less, the learner and the equipment, sometimes without
the instructor and other learners, are physically separated
from each other. Researchers have convincingly argued
that information technology has dramatically changed
laboratory education (Scanlon, Morris, Di Paolo, &
Cooper, 2002), although there may be disparities between
the effectiveness of remote laboratories compared to
traditional laboratories.
These disparities may be due to the change in learners’

interactions with the learning environment. To address
this issue, first, the findings are summarised from publica-
tions that fall into two fields: interactions in face-to-face
science laboratories and interactions in remote science
laboratories. Existent theories that have been used in the
analysis of interactions are then reviewed. Other theore-
tical frameworks that may be implemented for the analysis
of interactions in the two types of science laboratories are
also presented. Finally, conclusions and discussion of
implications for future work are made.
It is acknowledged that there have been various studies

of interactions in secondary-school education; however,
these are not included in this article because the focus of
this review is on studies in undergraduate science
laboratories in university education wherein students are
at a markedly higher level of academic maturity.

Scope of the review methods for this literature
search
Focus questions for the review
To attempt to summarise the current state of research
about the interactions occurring in science undergradu-
ate laboratories, the main foci of this review are the
methods employed in the studies, the main findings, and
the theoretical foundations. These three categories are
believed to guide future research in analysing interac-
tions in science laboratories. Regarding the instruments

implemented, the analysis aims to provide a structured
summary of measuring interactions in science laborator-
ies. In addition, the presentation of key findings can
summarise the current achievements and the potential
questions to be addressed in the future. Finally, the
theoretical frameworks can bridge the connections
between educational psychology and studies of science
laboratories. To be specific, this review is structured
around these three categories, each of which is guided
by a focus question:

1) Measurements: What tools have been used in the
characterisation of interactions in undergraduate
science laboratories?

2) Results: What has been found in the research of
interactions in undergraduate science laboratories?

3) Theoretical Framework: Which theories have been
used in the research of interactions in
undergraduate science laboratories?

Selection process of articles
To address the focus questions, systematic search
methods were used. Two steps were involved in the col-
lection of papers for this review. Initially, adapted from
the research method used by Potvin and Hasni (2014),
the ERIC database was searched by pre-defined criteria.
However, because only a limited number of articles were
found, a subsequent search in Google Scholar and within
some journals was conducted.
Specifically, the search in ERIC was carried out on July

17, 2018 and the procedures were as follows: ‘laboratory
interaction’ was assigned as the keywords that might
appear in abstracts or titles, the research subjects were
science and some science subjects (including biology,
chemistry, physics, geology, astronomy and ecology). The
codes for searching were:
(title: ‘laboratory interaction*’ OR abstract: ‘laboratory

interaction*’) AND (title: (science* OR biolog* OR
chemistr* OR physics OR geolog* OR astronom* OR
ecolog*))
The publication years and the type of source (peer-

reviewed journals and theses) were not constrained. The
education levels were focused on science education in
postsecondary education, higher education, and two-year
colleges as these are the targeted groups of this review
paper. From the first step, 62 articles were obtained.
After scanning the abstracts and titles, only 16 articles
were retained. The articles that were excluded were
about the intermolecular forces in the micro atomic level
(20) or studies not in science (1), or those that covered
more general concepts of interactions (19), or about
simulation laboratories (5). One journal article closely
related to the first author’s thesis was retained while the
thesis was removed.
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Since only one article was found about interactions in re-
mote laboratories in ERIC, a next-step search was con-
ducted in Google Scholar (2018), using the keywords:
“laboratory interaction” undergraduate remote science. The
time period was set as 1996–2018; because 1996 was con-
sidered to be the year when remote-access learning began
to be implemented in engineering education (Aktan, Bohus,
Crowl, & Shor, 1996). Among the 72 results illustrated,
after scanning the titles and abstracts, only one focused on
interactions in remote science undergraduate laboratories.
The other publications were either about interactions in
science in educational contexts (58), or about virtual la-
boratories (4), or did not match the predefined age group
(8). The results showed that compared to face-to-face la-
boratories, there were few studies that were directly related
to interactions in remote laboratories, or at least this was
not clearly shown in the titles and/or abstracts.
Because only a small number of relevant works had been

found using the foregoing interrogations, the search data-
base was changed from Google Scholar to journal websites
and the focus was moved to the remote laboratory itself, not
just in interactions. The Boolean conditional keyword
phrases used in the search included “remote laboratory/ex-
periment” and “real laboratory/experiment”. As it is not long
since remote laboratories began to be integrated into the sci-
ence undergraduate curriculum, the year of publication was
constrained to the last 10 years, ranging from 2009 to 2018.
The journals included: Computers & Education, Computers
in Human Behavior, and Distance Education. These journals
were chosen because they are dedicated to research on the
use of advanced technologies from educational and/or psy-
chological perspectives. In addition, remote laboratories
have been used in distance education, so the Journal of Dis-
tance Education was searched. Among the 726 articles
found, the following criteria were conducted to filter the lit-
erature by scanning the titles and reading the abstracts: (1)
only articles focusing on remote laboratories were retained.
For example, some articles were deleted because their foci
were on simulated laboratories (Scalise et al., 2011; Stang,
Barker, Perez, Ives, & Roll, 2016) (2) articles on engineering-
related education instead of science were deleted (Corter,
Esche, Chassapis, Ma, & Nickerson, 2011; Kamruzzaman,
Wang, Jiang, He, & Liu, 2015) (3) articles that did not ad-
dress education-related problems were not retained (Botero
et al., 2016; de la Torre, Guinaldo, Heradio, & Dormido,
2015; Orduña et al., 2015) (4) only research papers were
retained while review articles and book chapters were not
included; articles (5) which were not related to laboratory
learning, but in a broader range of distance education were
not included. After the selection, only four articles were
retained.
Since there were only 22 articles (16 + 1 + 1 + 4)

retained about interactions in face-to-face and remote
laboratories, a final search was made in both of the two

areas. A search of citation and reference lists and a
search of the publications which had cited the chosen
articles were conducted. As a result, a total of 21 papers
on interactions in face-to-face and 6 articles on interac-
tions in remote laboratories were selected. We remark
that this low total may indicate a current shortage of re-
search work having been conducted on student interac-
tions in university laboratory learning.

Interactions in face-to-face science laboratories
Research on interactions in face-to-face science laboratories
appeared earlier than their counterpart studies in simulated
and remote laboratories and continue broadening to studies
with many new perceptions. Observers have created and
are updating a wide variety of observation instruments to
capture both the instructors’ and learners’ interactions.
Techniques used to identify and collect these interactions
have changed from paper-and-pencil and audiotape record-
ings to more advanced computer-assisted means. Such
tools have been used to investigate the connection between
learners’ behaviours and their learning outcomes. Thus, re-
searchers have analysed the content, nature, and the func-
tions of interactions, to identify not just their frequency but
also to identify the influences of frequency on learning.
Consequently, both quantitative, qualitative and mixed
methods in data collection and data analysis have been
used. In brief, researchers have described what the inter-
actions were and how they worked. Below the tools
developed to this end and the functions of the interactions
that were measured are overviewed.

Variations of measurement tools in face-to-face science
laboratories
As illustrated by the following authors, the designs of obser-
vation tools were motivated by the desire to assess learning
or instructional effects in some reformed curricula such as
by inquiry (Hilosky, Sutman, & Schmuckler, 1998; Sadler,
Puig, & Trutschel, 2011; Stang & Roll, 2014; West, Paul,
Webb, & Potter, 2013). These authors chose observation as
the main method of data collection because observation
could provide direct and reliable data to record and
describe students’ and instructors’ behaviours (Lund et al.,
2015). Most of these observations provided information
about the frequency of interactions and whether or not the
interactions were verbal and/or non-verbal. Consequently,
the results were quantitative rather than qualitative. A sum-
mary of these studies is presented in Table 1.
All the observation instruments in the aforementioned

papers/studies can be allocated to three categories de-
scribed by the American Association for the Advancement
of Science (2013): holistic, segmented or continuous. With
holistic instruments, the observer documents the instruc-
tors’ and learners’ behaviours altogether and rates them
according to pre-defined criteria. With the segmented
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instrument, the observer records the instructors’ and stu-
dents’ performance at short intervals, normally every few
minutes. The only continuous protocol, developed by
West et al. (2013), requires the whole observation to be
conducted without any break.
Some earlier studies focused on the frequency of student

interactions in science laboratories. For instance, Kyle,
Penick, and Shymansky (1979) compared the frequency of
a wide range of interactions in both introductory and ad-
vanced laboratories in five college science disciplines. The
occurrence of the interaction of each student was identi-
fied using the Science Laboratory Interaction Categories
(SLIC) that listed ten main student activities. The authors
further compared the frequency of interactions according
to the level of laboratories (introductory or advanced) and
the five science subjects. Their study focused on under-
graduate behaviours in science laboratories and the results
mostly comprised a description of the frequency of inter-
actions. This research by Kyle et al. (1979) showed that
students spent a large amount of time in reading and
writing, more than that for experimenting. The students
also listened a lot, both from instructors and their peers,
and the authors concluded that these listening activities
were more about information transmission and less about
question-answering or problem-solving. No significant
differences were found for the ten detailed interactions,
except for the amount of time spent on reading and
writing, existing within and among the laboratory levels
and science disciplines.
In addition to the foregoing type of observation in whole

classes that documented both verbal and non-verbal

interactions, some researchers were more interested in the
frequency of verbal interactions. For example, Lehman
(1990) divided the various verbal interactions into 13 types:
five Student-Student interactions, four student-initiated
Student-Instructor interactions, and four instructor-initiated
Student-Instructor interactions, and documented the length
of students’ verbal interactions according to these categories.
The findings showed that students interacted a lot with their
classmates, referred to laboratory equipment or read labora-
tory manuals. As for S-S interactions, the style of laborator-
ies had an impact on them, and more time was spent on
procedures in unfamiliar laboratories, whereas more time
was spent on data collection in familiar ones. By contrast,
only 11% of the total interactions were related to Student-
Instructor interactions. It needs to be noted that although
Lehman did not define his observation instrument according
to the American Association for the Advancement of
Science categories; it was inferred to belong to the
structured observations category.
The two studies (Kyle et al., 1979; Lehman, 1990) dis-

cussed above were both concerned with the frequency of
interactions from the students’ perspective. In other
words, the observers concentrated more on how student
behaviours influenced their learning. The instructor's
behaviours were only captured when he/she was inter-
acting with the students. By contrast, in many other types
of studies, the researchers focused on how to improve
instructional capacity by designing the observations to
document the teachers’ interactions with their students
(Cohen & Ball, 1999). One example is the study made by
Hilosky et al. (1998) where the observations were based

Table 1 The name and category of observation tools, types of interaction and main findings in face-to-face science undergraduate
laboratories

Observational Tools Included AAAS
Category

Interactions Main Findings References

Science Laboratory Interaction Categories
(SLIC)- Student

Segmented Verbal and non-
verbal

Most time was spent on transferring
information

(Kyle et al., 1979)

N/A N/A Verbal Most of the laboratory interactions
were about laboratory procedures

(Lehman, 1990)

A Modified-Revised version of the Science
Teacher Behaviour Inventory (MR-STBI)

Segmented Verbal and non-
verbal

Instructor behaviours are different
in U.S. and German institutions of
higher education

(Hilosky et al.,
1998)

Modified from Science Laboratory Interaction
Categories (SLIC)

Segmented Verbal and non-
verbal

Instructors varied in the six science
disciplines

(Ajaja, 2013)

Computerised Real-time Instructor Observation
Tool (RIOT)

Continuous Verbal and non-
verbal

S-I interaction varied in both small
group and whole class observations.

(West et al., 2013)

Teaching Assistant Inquiry Observation Protocol
(TA-IOP)

Holistic Verbal and non-
verbal

Peer reflection can help TAs’ teaching
in inquiry laboratories.

(Miller et al., 2014)

TA Observation Form (TA behaviours)
On-off task form (student engagement)

Segmented Verbal S-I interactions could possibly predict
the student engagement

(Stang & Roll,
2014)

Laboratory Observation Protocol for the
Undergraduate STEM (LOPUS)

Segmented Verbal and
non-verbal

Students’ behaviours were independent
from the instructor’s style. The nature of
interactions is related to laboratory activities.

(Velasco et al.,
2016)
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on the Modified-Revised Science Teacher Behaviour In-
ventory (MR-STBI) in both general and introductory
chemistry laboratories, in one German and 16 American
higher education institutions. A further interview with
each instructor clarified why some interactions were more
or less important. The results by combining the MR-STBI
and the interviews illustrated that the design of the labora-
tories did not consider highlighting higher-order thinking.
In addition, using the modified form of SLIC, Ajaja (2013)
observed 48 instructors’ behaviours from six areas of sci-
ence laboratories. The findings from their observations
implied that SLIC could be a reliable instrument to collect
information about the instructor’ behaviours in science
undergraduate laboratories. The information could be
used as further evidence for the instructors to self-assess
their behaviours or for the institutions to prepare
instructor training.
The relationship between interactions and student en-

gagement has been the focus of many researchers’ interests.
In two studies (Sadler et al., 2011; Stang & Roll, 2014), stu-
dent engagement was considered an important factor in de-
scribing or correlating with interactions. Sadler et al. (2011)
developed a tool - Laboratory Instructional Practices Inven-
tory (LIPI) - to assess laboratory instruction in transforma-
tive courses. Two main ideas were included: levels of
student engagement and the content of student discourse.
This observation tool was designed for instructors or la-
boratory coordinators to improve the quality of laboratory
learning according to students’ perceived learning pro-
cesses. Another group (Stang & Roll, 2014) included stu-
dent engagement level as a research element in an attempt
to find the relationship between teaching style, student en-
gagement, and student learning. The Teaching Assistant
(TA) observation form was designed to collect three main
instructor interactions. The modified on-off task form from
(Ocumpaugh, 2015) was used to record whether the
students were engaged or not. In addition, pre- and post-
lab multiple questions were used to compare the learning
achievements. Results showed that only the frequency of
teacher-initiated S-I interactions positively influenced en-
gagement while the rate of student-initiated S-I interactions
and the length of interactions had no effect on engagement.
On the other hand, students’ engagement and their learning
were mutually influential. In summary, the authors sug-
gested that instructors should interact with their students
more actively and frequently to increase student engage-
ment and thereby improve student learning outcomes.
Driven by technological breakthroughs and their applica-

tions in education, the stages in data collection and data
analysis of laboratory interactions varied from microphone
and audio-tape to more computerised or online tools. West
et al. (2013) introduced a computerised Real-time
Instructor Observation Tool (RIOT) to analyse S-I verbal
interactions. In this research, data analysis, especially in a

quantitative way, was more efficient in the computer-based
approach. The Internet also improved efficiency in commu-
nication and information exchange between different insti-
tutions. Based on the theory developed by Cohen and Ball
(1999) that interactions between students, instructor, and
materials each influence instructional capacities, Velasco
et al. (2016) developed an observation instrument - the La-
boratory Observation Protocol for the Undergraduate
STEM (LOPUS) - to investigate the TAs’ instructional
practices. It was found that students’ behaviours were inde-
pendent of TAs’ instructional characteristics, and the TA
initiated fewer verbal conversations than did the students.
It was also reported that TAs behaved similarly in all
laboratories, whereas the nature of S-I verbal interactions
varied according to the types of laboratories.
In contrast to the studies described above, Miller,

Brickman, and Oliver (2014) developed a peer assess-
ment tool for one TA to assess the other TAs’ teaching
using the Teaching Assistant Inquiry Observation Proto-
col (TA-IOP). Both novice and experienced TAs ob-
served other instructors’ laboratories in different periods
of the whole semester. The new TAs learned a great deal
from their peers and made changes in their own
teaching. The researchers also recorded the frequency of
student and instructor interactions using this holistic
observation instrument.
Although none of the above observation tools was able

to capture all of the instructor’s or learners’ interactions,
these observation tools could provide a general view of
the students’ and instructors’ interactions in the labora-
tory classroom for researchers and instructors to under-
stand and anticipate what does and what may happen in
a science laboratory. In some studies, correlations be-
tween the frequency and time spent on different kinds
of tasks and student engagement were presented (Sadler
et al., 2011; Stang & Roll, 2014) while others compared
inquiry learning and instructor behaviours (Hilosky
et al., 1998). However, all of the former information was
too general to describe the link between interactions
among participants and their learning outcomes. A de-
tailed analysis of various interactions with further differ-
entiation and their educational influences is needed to
answer this question. This gives rise to the second aspect
of interaction studies: the nature and function of inter-
actions, which were linked to focus question 2.

Findings of interactions in face-to-face science
laboratories
Studies of interactions are not just about their frequencies
but also focus on the analysis of the nature and functions of
the interactions. Compared with the previous type of stud-
ies that were concerned with describing the interactions
that happened in the classroom, the second type of studies
emphasized the relationship between interactions and
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learning outcomes. Accordingly, researchers have tried to
correlate results from surveys with students’ learning
achievements while others examined the way that learning
environments influenced learning, mainly by investigating
the content of conversations. Although observations were
still being used by researchers as one of the main methods
to examine the functions of interactions, the researchers in
these studies did more than just record the frequency of
learners’ and instructors’ interactions. A summary of these
studies is presented in Table 2.
A widely-used multiple-choice questionnaire - the

Questionnaire on Teacher Interaction (QTI) (Wubbels,
1993) - was designed to identify the interpersonal relation-
ships of the learners and teachers. The teacher behaviour
was divided into four dimensions: dominance, cooperation,
submission, and opposition, which were further categorised
into eight equal sessions to resemble teacher behaviours.
The results showed a close relationship between teacher
interpersonal behaviour and students’ learning outcomes:
the positive relationships were leadership, friendly and
understanding; while the negative relationships were uncer-
tain, dissatisfied and admonishing. Contradictory results for
student achievement and attitudes in sectors Dominance-
Opposition and Submission-Cooperation meant that there
seemed to be a conflict for the teachers in being strict and
at the same time giving students responsibility. Similarly,
the connection between the curriculum and students’ learn-
ing outcomes were not strong. Another research direction
provided by Rybczynski and Schussler (2013) used a modi-
fied version of the Fennema-Sherman Mathematics Atti-
tude Scale (FSMAS) (Fennema & Sherman, 1976) and an
online questionnaire including mainly open-ended ques-
tions to assess the students’ attitudes to undergraduate biol-
ogy laboratory classes. Their findings showed that
interactions with the TAs played important roles in the stu-
dents’ attitudes to the laboratories both positively and nega-
tively. It was also concluded that in the biology laboratories,
the TAs had more important influences than the laboratory
content on the students’ attitudes. Another example was
made by (Wei et al., 2018), in which a self-designed pre-lab
survey was conducted to collect information about the im-
portance of interactions before the commencement of the
laboratory, and a post-lab survey was used to measure the
frequency of interactions after the completion of the labora-
tory activity. The results from the survey were validated by
the results of on-site observations. The research showed
that students with different laboratory marks had various
anticipations about the importance of interactions before
the laboratory. In addition, those students with lower marks
placed a high reliance on passive interactions such as with
the laboratory manual and the internet.
Other researchers have used qualitative content analysis,

instead of multiple-choice instruments, to describe and in-
spect the nature and functions of interactions. In one

example of this genre of research, using a naturalistic
method in one inquiry-based laboratory, Roychoudhury
and Roth (1996) investigated how collaborative work influ-
enced students’ learning experiences in the science labora-
tory and consequently their effects on learning in three
representative groups. The authors videotaped each group’s
activities and transcribed the recordings into analysable
data, then interpreted the interactions with group members
and between the groups and teachers’ conversations ac-
cording to Bloome’s cultural framework of multiple levels
of interactions (Bloome, 1989). Bloome’s theory about sta-
tus difference within group members was affirmed. Three
types of interactions within group members were identified:
(1) symmetric interactions: the role of group members were
equal, no one dominated the discourse for a prolonged time
and members shifted their duties naturally; (2) asymmetric
interactions: only one member discussed with the teacher
and other group members only asked questions occasion-
ally, which happened more in the process of conceptualisa-
tion; and (3) shifting asymmetric interaction: this kind of
interaction had both components of symmetric and asym-
metric interactions, the dominant people varied from one
student to another within a notable time period. However,
although more frequently interacting with others meant
higher levels of participation of some students, the research
did not definitely show that these students had higher levels
of academic achievements. In the laboratory data collection
stage, all group members had equal involvement. For the S-
I interactions, there were two types in different stages of
the laboratories: discussion about conceptualization in the
planning and data interpretation stages; and an advisory
role of the teacher in the data collection stage. Overall, from
the observations of overt participation in the discourse, no
relationship between interactional patterns and academic
achievement of group members was identified. However,
the researchers proposed that the teacher’s intervention
had an impact on students’ learning and that teachers
should promote passive members’ involvement.
In another study, Krystyniak and Heikkinen (2007) differ-

entiated categories of interactions based on the constant
comparison method (Glaser, 1965) and documented the
transcribed verbal interactions of each group into various
parts, conducted both in Independent Chemistry Project
(ICP) and non-ICP chemistry laboratories. By comparison, it
was found that ICP could help students focus more on con-
cept development and less on procedural steps. Högström,
Ottander, and Benckert (2010) connected S-I and S-S inter-
actions with learning experiences using one explanatory
method that analysed the verbal and non-verbal behaviours
of the students and the teacher. Three components – safety
and risks, procedures and equipment, and chemical con-
cepts - were the main forms of S-I interactions; and the first
two topics were prominent in S-S interactions. The authors
also pointed out that S-I interactions were useful in
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promoting learners’ thinking and acting. Flaherty, O’Dwyer,
Mannix-McNamara, and Leahy (2017) also employed the
constant comparison method to evaluate the impact of
Teaching as a Laboratory Graduate Teaching Assistant Pro-
gram (TCL-GTA) in S-I psychomotor and cognitive verbal
interactions. After coding and comparing the S-I discourses
in each of the three stages of the chemistry laboratories, the
authors found that implementation of the TCL-GTA pro-
gram had increased the frequency of both psychomotor and
cognitive verbal interactions. In other words, the level of
conversations related to concepts was also developed with
the process.
Besides qualitative methods, mixed-method studies were

also common in categorising the functions of interactions.
As an example, Xu and Talanquer (2013) collected data
using the method of running records (Poulsen et al.,
1995), whereby the researchers recorded the behaviours of
one group closely in each laboratory, at the same time try-
ing not to interfere in their activities. It was found that in
the higher level of inquiry laboratories, episodes of pro-
posing questions, exploratory approaches, and a domin-
ation of few students directing the process became more
common. Roychoudhury and Roth (1996) focused on ana-
lysing the characteristics of group verbal and non-verbal
interactions but used only one sociocultural discourse
analysis method (Kumpulainen & Mutanen, 1999) to
describe the effect of level of inquiry on interactions
comprising three categories: language function, cognitive
processing, and social processing. Results showed that
changes in levels of inquiry in the science laboratory could
be one factor but not a determining factor on learners’
higher level of cognitive processing.
Oliveira and Sadler (2008) examined collaborative learn-

ing in three representative groups using a combination of
ethnographic and mixed-method discourse analysis. Ac-
cording to their description of elaboration within groups
and dealing with conflicts, as well as the conversation ana-
lysis, different characteristics were found in these three
groups although the instructional direction was almost the
same. For Group 1, most of the peer interactions were in
the form of non-elaborated conceptions, while unsolicited
self-elaboration occurred sporadically such that the whole
process tended to lead to vagueness. For Group 2, group
members interacted with each other with gradual elabor-
ation, which led to well-articulated conceptual constructs.
For Group 3, there was a confrontational atmosphere and
minimal convergence. This study also gave suggestions on
how to combine social culture and social cognition
together to promote science learning. The results from
Oliveira and Sadler (2008) illustrated that although collab-
orative actions were efficient in developing concepts, some
factors might hinder these results, such as students’ pre-
ferences, group culture and timely instruction from
teachers. By contrast, Gresser (2006) was concerned more

with the relationship between group sharing of the epis-
temological framework and constructive work, as well as
the social patterns inside the group activity. After observ-
ing several case studies, groups with a good understanding
of the laboratory activity arrangements led to more effi-
cient results; groups with a less common understanding of
the target were directed by the dominant person, who
acted more like an individual doing the work and without
cooperation.
In his study, Blickenstaff (2010) proposed a framework

for analysing physics education, in which the programme,
the teachers, the students and the collective working units
(groups) were the elements of the classroom. Using this
framework as guidance, the author observed the physics
laboratory classes and interviews with focus students.
There were no pre-designed observation protocols but the
combination of overall observations with the whole class
and with individual groups was used. The semi-structured
interviews were designed to check the results from the ob-
servations. The findings reported in this article empha-
sized the importance of students’ conversations and
interactions with their groups in the students’ learning.
The research methods also provided rich information
about the learning process in physics laboratory class-
rooms from the aspect of interactions.
Except for the analysis of the contents of interactions,

some other findings provided information about the links
between interactions and learning from other viewpoints.
One example was from Good, Colthorpe, Zimbardi, and
Kafer (2015), in which the comparison was made based on
different forms of TA-to-student model. One model was
the students worked with the same TA (consistent) for
the whole term, while for another model, the students did
not stay with the same TA (the expert TA model). Stu-
dents who were assigned consistent teaching assistants
performed better than those with the expert TA model.
The TAs also explained that this format helped them to
create a strong relationship with the students and
positively influenced their learning experiences.
Overall, in face-to-face laboratories, the main forms of

interactions of interest to researchers were the verbal in-
teractions rather than the non-verbal ones. However,
compared with the critical review of interactions in the
science classroom by Power (1977), current studies have
not changed in many ways. The two approaches
proposed by Power, namely using observation as the
main data collection method, and the influences of the
interactions, are still prominent nowadays.

Interactions in remote science laboratories
The appearance of remote laboratories was closely
related to technology innovations, as they would not be
possible without the support of advanced technology.
However, although technology underpins the
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development of remote laboratories, technology is only
the interface, not the ultimate goal. It is the interaction
and engagement between the learner and the technol-
ogy, not the technology itself that imposes function on
the learning outcomes (DiSessa, 2001). The notion that
the use of remote laboratories is to improve learning or as a
way to supplement traditional laboratories is central to their
development and use. As to interactions that occur in re-
mote laboratories, on the one hand, they were transformed
in terms of technology improvement; on the other hand,
this transformation aimed to serve the need to improve
learning, especially in students’ conceptual understanding.
In remote laboratories there is a physical and psycho-

logical separation between learners and equipment; thus,
it is necessary to use technology-supported learning in-
terfaces to reduce this separation resulting from learners’
lack of experience, creating decreased satisfaction levels
(Lindsay, Naidu, & Good, 2007). For example, although
most students in this study believed that they had con-
ducted a real laboratory and the data were authentic,
they still preferred a hands-on laboratory. They also pro-
posed that they were not feeling personally engaged in
the laboratory because of the separation from the
apparatus (Lowe, Newcombe, & Stumpers, 2012).
A ‘real’ remote laboratory requires that the learners ma-

nipulate the equipment individually and no instructors or
other on-site peers are with them at that time. Learners can
only receive instant help from embedded help formats or
online search engines; information from sources such as on-
line discussion groups or feedback from instructors are
sometimes available but are not simultaneous. These differ-
ences mean that support from technology is indispensable.
Therefore, some studies are concerned with improving tech-
nology to enrich students’ learning experience and learning
outcomes. On the other hand, some researchers are inter-
ested in whether or not to use a ‘false’ remote, meaning to
retain some elements such as online help from instructors
or conduct group work during the laboratory process in-
stead of individual work. Although some researchers believe

that not as many interactions were required in remote la-
boratories (Scheucher, Bayley, Gütl, & Harward, 2009), the
present review endeavours to examine whether the change
of interactions influences students’ learning.
Studies of remote laboratories fall into three main types:

(i) introduction to developed hardware or software applied
in remote laboratories, (ii) comparison of learning out-
comes in the two laboratory modes (face-to-face and re-
mote), and (iii) the creation of effective collaboration and
a communicational learning environment. Although none
of the three categories directly describes the influences of
interactions on learning, or even uses the term ‘inter-
action’, analyses were made to explore the three elements
in a learning environment, student, instructor, and mater-
ial, as well as their connections with learning. Accordingly,
the interactions implicitly covered in the literature were
divided into three categories: Student-Student, Student-
Instructor, and Student-Equipment, to explore their in-
fluences on students’ learning. Thus, in Table 3 we have
summarised current knowledge of how the interactions
between a student and the other elements were sum-
marised, whether they are instructors, other learners,
laboratory materials such as laboratory manual or equip-
ment, or technology, have changed in remote laboratories
and how these changes have influenced learning. The in-
teractions are then described in the following subsections.

Student-student interactions in remote laboratories
The Student-Student Interactions in remote laboratories
occur between one student and other students, as happens
within groups or individually, with or without the
presence of an instructor (Moore, 1989). These inter-
actions may be synchronous or asynchronous, in the form
of e-mails, blackboard communication, or web ‘chatting’.
A remote laboratory comparison was made by Böhne,

Faltin, and Wagner (2007) when allocating student pairs
into two types: in one type the two students were in differ-
ent rooms and could only contact with each other online,
while in the other type the students were in the same

Table 3 Interactions and major findings in remote science undergraduate laboratories

Subject Type of Interactions Major Findings References

Physics S-S, S-I interaction via
video and text chat

A combination of the simulated and remote laboratory provided more rich
collaboration between learners, as well as between learner and instructors.

(Scheucher et al.,
2009)

Science and
engineering

S-S, S-I, S-E interactions The frequency of S-S and S-I interactions decreased (Cooper &
Ferreira, 2009)

N/A S-S and S-I interactions The Collaborative Support system increased student engagement and the number of
completed assignments.

(Luis de la Torre
et al., 2013)

Science S-I Interactions Students were more engaged in remote laboratories watching the real live video. (Sauter et al.,
2013)

Chemical
Engineering

S-S, S-I and S-E
interactions

The Cooperative Weblab increased higher student engagement levels. (Le Roux et al.,
2009)

Chemical
Engineering

S-S Interactions Students preferred three members in a group. (Botero et al.,
2016)
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room and could see and talk to each other. A tele-tutor
was in the laboratory process simultaneously for each kind
of group. Results showed that if all the influencing factors
were combined together, only initial knowledge was
strongly correlated with task success, while group setting
did not. However, if initial knowledge was eliminated from
the factors, group setting would significantly correlate
with task effectiveness. Another group’s findings, from a
student questionnaire, revealed that the students favoured
working in three as a group in remote laboratories (Botero
et al., 2016).
Other research focused on creating online platforms to

increase cooperation between learners. For example, by
developing the Cooperative Weblab in chemical engineer-
ing, Le Roux et al. (2009) showed that this platform
increased teamwork skills and promoted higher-level
interactions among learners because of working with
unfamiliar colleagues and the embedded open-ended
questions. Another example (de la Torre et al., 2013)
introduced a collaborative approach where other people
can be invited by the learners/instructors in the virtual
and remote laboratory sessions and interact with each
other and share the learning process simultaneously.
Students showed an increased level of engagement and
the number of completed laboratory assignments also
improved with the help of this collaborative approach.
Interestingly, it was proposed in one study (Corter

et al., 2011) that in face-to-face laboratories, the data-
collection mode in groups showed an advanced relation-
ship with the learning outcomes, while in the remote
laboratory mode, the individual data-collection condition
had more advantages than group data collection form.
This finding may imply that in remote laboratories, the
S-S interactions did not play as many important roles in
the learning process as in the face-to-face ones.
Although this study was made in the discipline of
engineering, the findings can provide some directions
for the studies in science remote laboratories.

Student-instructor interactions in remote laboratories
It is widely thought that instructors play important roles
in face-to-face chemistry laboratories (Herrington &
Nakhleh, 2003) and that their behaviours have positive
impacts on students’ learning outcomes (Stang & Roll,
2014). Compared with the S-I interactions in physical la-
boratories, sometimes there are no instructors when the
students are conducting the remote laboratories because
it is hard to provide 24/7 services in remote laboratories.
Even though some groups had instructors involved, the
instructors were not physically together with the stu-
dents. Some research studies with remote-access labora-
tory examples where there were supervisors or teaching
assistants in the room or via tele-tutorial support over
the internet (Böhne, Rütters, & Wagner, 2004) may

provide hints about whether the absence of instructors
influences students’ learning. Böhne et al. (2004) used
synchronous tele-tutorial methods such as desktop shar-
ing, video or audio talking between instructor and
learners in a remote setting. They also designed two
forms of directed learning: instructor-directed and self-
directed learning. In instructor-directed learning, the stu-
dents received a large amount of help from the instructor
and had to report to the instructor on the progress at the
end of each task. In self-directed learning, the students
only received hints from the instructor about where to
find the information. To summarise their findings, the
asynchronous human instructor was necessary to tackle
some specific problems in remote laboratories, being
available to help students online instead of being physic-
ally with them. These instructors did not participate a
great deal in the learning process but provided help only
when needed. The form of online help could be audio chat
and desktop sharing whereas social cues like a gesture or
facial images could not be used in this process.
Cooper and Ferreira (2009) introduced a framework to

evaluate the pedagogical effectiveness of remote labora-
tories. The results showed that S-S and S-I interactions
had decreased after the implementation of remote
laboratories. One possible explanation was that the
learners might feel disappointed if they did not have
unlimited access to the instructor even though they had
unlimited access to the remote equipment.

Student-equipment interactions in remote laboratories
Even though some researchers proposed that an interface
or equipment “merely acts as a confounding intermediary”
between learner, instructor, and content (Hillman, Willis,
& Gunawardena, 1994), other researchers argued that the
machine or monitor was an important communicating
medium for learners, which could be helpful in “the men-
toring, instruction, tutoring and assessment of students”
(Henry, 2000). Remote laboratories have some unique
functional features which cannot be provided by face-to-
face laboratories (Cooper & Ferreira, 2009); for example,
students can work from a library of instrument panels,
receive an abundance of information instantly from the
help function, or have embedded formative assessment to
receive instant feedback. The influences of computerised
learning environment should be analysed.
Researchers have studied the impact of S-E interactions

in remote laboratories on learning. Sauter, Uttal, Rapp,
Downing, and Jona (2013) made a cross-comparison of
four laboratories based on two influencing factors: the lab
type (remote or simulation) and the representations
(photo or videos). The remote users were more satisfied
with the benefit from computers of reducing human error.
The users who had watched the live video showing the
process of data collection felt more engaged and were
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better at explaining some content knowledge compared
with those who only viewed a picture. This phenomenon
illustrated that the design of the interface that connects
the learner and the equipment heavily influences the
learners’ experience and learning outcomes.

Overall evaluation of remote-laboratory interactions
Overall, in remote laboratories, there may be fewer inter-
personal interactions than in face-to-face science labora-
tories depending on the situation. For example, in some
remote-laboratories, the learners work in groups, with or
without an instructor, while in other examples, learners
conduct the experiment independently without any pre-
designed interpersonal information exchange. It is thought
that the decrease in interpersonal interactions may be sup-
plemented by S-E interactions provided by advanced tech-
nologies. However, current research is not rich enough to
provide sufficient support to validate this assertion.
Researchers working in the area of Computer Sup-

ported Inquiry Learning (CoSIL) have made valuable
contributions to the development of tools in guiding on-
line inquiry laboratory process (De Jong, 2006; Quintana
et al., 2004). In their review paper, Zacharia et al. (2015)
provided evidence of the relationship between suitable
guidance in the inquiry process and student learning in
a CoSIL environment and recommended personalised
guidance. Although the studies of CoSIL are not neces-
sarily related to this review, it is still believed there are
overlaps, and that their findings and work can poten-
tially direct the design and study of interactions in re-
mote laboratories. Detailed information can be found in
the aforementioned papers.

Theoretical frameworks for interactions in face-to-
face and remote laboratories
The investigations of interactions in science-laboratory
classrooms over the past decades have provided valuable
information about laboratory learning. However, some
of their usefulness is limited by the lack of operationaliz-
ing a learning theory in the specific context of a science
laboratory. Theories that some researchers have pro-
posed that may be used in the analysis of interactions in
science laboratories are discussed in this section.
Roychoudhury and Roth (1996) implemented Bloome

(1989) and Bowers and Flinders (1990)’s cultural frame-
work ascertaining that classroom culture sheds light on
knowledge construction in science laboratories. The
culture framework proposes that each classroom has a
unique culture that develops over time and influences
the interactions among the persons involved. Based on
the work of Roychoudhury and Roth (1996), the cultural
framework was deemed appropriate to analyse the
nature of interactions within individual groups and
between groups and instructors.

Kumpulainen and Mutanen (1999) illustrated a socio-
cultural analytical framework that included three dimen-
sions: functional analysis, cognitive processing, and
social processing. This analytical discourse theory also
emphasized that culture played important roles in know-
ledge construction and attempted to underpin patterns
of peer group interactions. The framework has been
widely used in collaborative learning research (Mercer,
Littleton, & Wegerif, 2004; Xu & Talanquer, 2013) in
different learning contexts.
Similar to previous frameworks which emphasize the

importance of the environment on learning, Komorek
and Kattmann (2008) developed the Model of Educa-
tional Reconstruction (MER), referring to the intercon-
nection of science content, students’ perspectives and
learning environment. Wei et al. (2018) applied this
model to a study of interactions in science laboratories.
The key finding was that students’ perceptions, course
content, and learning environments interrelate with each
other and have mutual influences.
The earlier three models were implemented in face-to-

face science laboratories. For remote laboratories, there is
only one example that attempted to involve theory and
this was for engineering laboratories. Tirado-Morueta,
Sánchez-Herrera, Márquez-Sánchez, Mejías-Borrero, and
Andujar-Márquez (2018) adopted Kolb (1984)’s theory of
experimental learning to assess learning and the design of
remote laboratories. They illustrated that learning hap-
pened through interactions/interactivity between students
and other people, or the equipment. During these interac-
tions, learning occurs in the four phases of Kolb’s theory.
The group then implemented Kolb’s theory in the design
of practical remote laboratories and assessed students’
perspectives. However, this study is from engineering
laboratories, even though the possibility of it being imple-
mented in remote science laboratories is high, more
evidence is needed to demonstrate its generality.
Theories developed for conventional laboratories could

be applied or adapted to guide studies in remote labora-
tories. Distributed cognition (Nakhleh et al., 2002) was
recommended as one possibility for the following reasons.
Technologies play important roles in remote laboratories
in the information exchange for students. Therefore,
students’ interactions with other mediators, such as other
learners, instructors, equipment and computers have sig-
nificant influences on their learning process and learning
outcomes. The distributed cognition theory arises from
the consideration of knowledge being developed in the
interactions with environments, not rooted in individuals
(Cole & Engeström, 1993). Cole and Engeström added the
new element of time to show the dynamics of interactions
between learners and technology, based on the media-
tional triangle presented by Vygotsky (1978). In this as-
sumption, technology is not a passive mediator to transact
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information but influences the learner and knowledge
foundation. The application of this idea was reinforced by
Garcia (2002) who implemented several simultaneous in-
teractions using the interface technology in remote labora-
tories, By contrast, the model of Cole and Engeström did
not permit simultaneous interactions because it only
applied to one student dealing with one tool and one
curriculum, and therefore did not exploit the different
opportunities offered by the remote-laboratory mode.
To sum up, there is limited literature on the implemen-

tation of theories in studies of interactions, especially in
remote laboratories. However, it is necessary to apply
relevant theories to studies on interactions. Theoretical
frameworks are able to connect the researcher to existing
knowledge, and guide researchers to explain, not just to
describe the observations but to identify the key variables
influencing a phenomenon. Tirado-Morueta et al. (2018)
have effectively shown that existent theories can be com-
bined into studies of remote laboratories in the engineer-
ing area. It is therefore recommended that in science
remote laboratories, theories be combined with the studies
of interactions.

Discussion and future directions
The goal of this review was to understand the previous
findings of interactions in both face-to-face and remote
laboratories. Although studies of interactions have
different characteristics and different emphases, each
can contribute to an understanding of student learning
in the laboratory. Three aspects, namely measurement
methods, main findings, and theoretical frameworks,
were focused on in the article selection and grouping,
based on the two types of laboratories. Even though the
findings are divided into two main categories based on
the laboratory type, the emphasis of this review is not on
the comparison between studies of interactions in face-
to-face and remote laboratories, but on the combined
findings and to use the current state-of-the-art to direct
future research on student interactions in laboratory
learning. The boundary between face-to-face laboratories
and remote laboratories has become less significant in
recent years with more face-to-face science laboratories
being mediated by computers (Ma & Nickerson, 2006).
It is, therefore, less necessary to focus on the difference
between the two types of laboratories, rather than to
focus on what can be learnt from each other’s study.
The following discussion will provide suggestions for
future work by summarising current existent studies.
In studies of face-to-face laboratories, the observation

tools were used as collecting data about students’ and/or
instructors’ behaviours. Initially, data obtained from the
observation instruments were only analysed to capture be-
haviours (Kyle et al., 1979; Lehman, 1990), while in the
later years, results from the instruments were connected

with other data to understand the impacts of interactions
(Hilosky et al., 1998), or with the investigation of student
engagement (Sadler et al., 2011; Stang & Roll, 2014). The
studies were also improved by the integration of more the-
ories as guidance (Velasco et al., 2016).
As to the nature and function of interactions, although

no studies reported that the frequency of interactions
impacted the students’ learning outcomes, it was illus-
trated that interactions, especially those with instructors
influenced the students’ attitudes to science and engage-
ment levels in the laboratory activities. Even though
some of the S-I interactions had both positive and
negative effects, instructors were encouraged to promote
passive members’ involvement in the learning process.
In addition, interactions can reflect the student be-
haviours in specific learning environments and can be
used as identifications of the laboratory content as the
interactions changed with regard to the laboratory
context. This is demonstrated by some studies which
assessed the effectiveness of curriculum reform from the
viewpoint of interactions.
In face-to-face laboratories, Student-Equipment

Interactions and Indirect Interactions have mainly been
neglected as compared with the two types of inter-
personal interactions (Student-Student and Student-
Instructor). Except for one article (Wei et al., 2018), no
studies in science laboratories were found that included
these types of interactions. It is suggested for curriculum
designers and instructors to be aware of the importance
of these two types of interactions (S-E and I-I).
There are fewer studies of interactions in remote la-

boratories compared with their face-to-face counterparts
and there is a significant lack of systematic observation
instruments and associated findings of interactions in re-
mote laboratories. However, since the learning process
can be reflected by interactions, it is necessary to investi-
gate them. The current methods for studying inter-
actions already used in face-to-face laboratories may be
applied to study remote laboratories. For example, in
some of the remote laboratories, systematic observation
instruments can be implemented to analyse the learner’s
interactions if possible. Furthermore, detailed analysis of
groups manipulating remote laboratories can be con-
ducted by referring to previous methods and theories
which have been used for face-to-face laboratories. In
one study, an attempt was made to analyse the factors of
group conflict and cultural diversity within virtual teams
(Paul & Ray, 2013). Although this was not directly made
with students performing remote laboratories, it could
be possible guidance for the studies in remote laborator-
ies. Another factor that should be taken into consider-
ation is that face-to-face and remote laboratories can
serve different learning objectives. In face-to-face labora-
tories, the emphasis has been put on design skills
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development, while remote laboratories were effective in
teaching concepts (Ma & Nickerson, 2006). Therefore,
in analysing the characteristics and functions of interac-
tions in science laboratories, one should also consider
the learning objectives, and laboratory types, not just the
form of changes of interactions due to the variance of
technology. The classical paper of Nickerson et al.
(2007) provided a systematic evaluation method for the
effectiveness of remote laboratories. It is also suggested
that studies in distance education be referred to for re-
searchers of remote laboratories because they have two
similar characteristics: a physical separation between
learners and other people, and technology being used to
reduce this separation. Because of the physical distance
between learner and equipment in remote laboratories,
some students felt that they were not intimately involved
in the laboratory process (Lowe et al., 2012). This prob-
lem may be overcome by adopting ideas from simulated
laboratories, increasing learners’ feelings of presence
with the help of advanced technologies (Orduña et al.,
2015). However, it is not easy to achieve, especially in
science laboratories, as this requires remote science-
laboratory designers, to also have high-level computer
skills. Thus, different institutions or people from various
areas with complementary expertise should work to-
gether to solve this problem. After all, there have been
multiple successful examples from cross-institutional
collaboration in the area of remote laboratories (Orduña,
Almeida, López-De-Ipiña, & Garcia-Zubia, 2014).
In remote laboratories, Student-Equipment is the most

prominent type of interaction. The interaction between
student and interface can be regarded as the difference
between technicians and professionals, the technician
doing what he or she was trained to manipulate while
the professionals were always thinking about what and
why they were doing the task this way and not in a dif-
ferent way (Biggs, 2011). In remote laboratories, because
they are provided with more freedom and time, students
sometimes can be independent thinkers and learners.
They can also control their speed of learning and think
at a more complex level. In this self-monitored process,
human-computer interactions can be defining factors in
the learning process. Therefore, studies about human-
computer interactions may be related to the understand-
ing of interactions in remote laboratories (Volpentesta,
2015). One example is the finding that the frequency of
using learning aids was increased when the on-screen
access or prompt to such aids was clearly visible but also
non-intrusive (Ruf & Ploetzner, 2014).
Educationalists have their own preferences for data

collection and data analysis relating to science laborator-
ies. Qualitative methods are believed to be beneficial for
gaining deep insights to learning and teaching in the
classroom and hence provide opportunities to

understand the learning-related behaviours and/or moti-
vations arising from the interactions (Cole, Becker, &
Stanford, 2014; Gee & Green, 1998). However, qualita-
tive studies have been constrained to limited numbers of
participants and the results are consequently hard to
generalise. From this aspect, quantitative methods have
their advantages in their characteristics of easy-to-
conduct and yield a broader view. The commonly used
process-product paradigm has enriched people’s know-
ledge in student and instructor’s performance and the
relationship between them with an individual’s learning
achievements (Fraser, Giddings, & McRobbie, 1992). It
seems that the best way is to combine qualitative and
quantitative methods, for example, to collect data quan-
titatively and explain the results qualitatively (Hofstein,
Levy Nahum, & Shore, 2001; Tobin & Fraser, 1998).
However, the research goals and focus questions are the
most important aspects to be considered. Thus, whether
to use quantitative or qualitative methods is not the
central question. What matters is the identification of
the problems to be addressed because the methods are
just the tools used to develop their solution.

Concluding remarks
After the critical review of Power (1977) pertaining to inter-
actions in science classrooms, until around 1996 (as shown
in Interactions in face-to-face science laboratories section)
there were few studies on this topic. Since 1996 there has
been an increased interest in laboratory interactions, though
the general principles of methodologies in face-to-face sci-
ence laboratories have continued in a similar vein. On the
one hand, a range of new instruments/surveys have been
developed and direct observations have been conducted to
capture and describe the interactions that occurred in the
classroom in greater detail than previously, and by using
advanced technologies. On the other hand, to gain a better
understanding of the nature of verbal and non-verbal actions
that takes place among and between students, instructors,
and equipment, educationalists have analysed how interac-
tions signify students’ perceptions of the learning process. As
for remote laboratories, approaches to studying interactions
in laboratory activities are not well-developed and to date
there are no systematic studies of interactions in science
undergraduate remote laboratories. The teaching laboratory
is a complex environment where it is hard to record
every event and evaluate its importance. However,
many studies have illustrated the fact that even only an
investigatory glimpse of the interactions can yield valu-
able insights into the learning process and a deep un-
derstanding of the obstacles that students encounter.
This is clearly an opportunity for future research on in-
teractions in both face-to-face and, more pressingly, re-
mote science laboratories.
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