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ABSTRACT

This study aims to analyze the effects of experiment models and gender on scientific communication and col-
laboration skills. This study employed a quasi-experimental design consisting of five groups as control classes and
five groups as experimental classes. The subject of this study was 327 students (168 students used HOT Lab and
159 used Multiple Skill; 69 Male and 258 Female from 18 to 22 years old) with heterogeneous skills and learning
habits from five different universities representing four regions: Sumatra, Java, Kalimantan, and Sulawesi. The
control class conducted activities based on the Higher-order Thinking Laboratory model, while the experimental
class conducted activities based on the Multiple Skill Laboratory Activity Model. The data were collected by
employing a validated instrument and were analyzed by employing a Multivariate test. This study shows that the
experimental model has more significant influences on improving students’ skills than gender. Specifically, the
Multiple Skill Laboratory Activity Model (MSLAM) improves students’ collaboration skills better than commu-
nication skills. MSLAM explores more activities to practice collaboration skills, e.g., brainstorming, exploration,
and measurement, while the activities for practicing communication skills is depended on analysis and presenta-
tion only. This study also reveals that the experiment model and gender are not suitable for concurrent analysis.
This study is expected to provide methods for further researchers to optimize students’ scientific communication
and collaboration skills. Furthermore, this study provides an overview for teachers to practice several thinking
skills at one time.
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students and teachers can deliver their findings
appropriately. Such skills are called Scientific
Communication Skills (SCS), one of the crucial

INTRODUCTION

The rapid distribution of information and

easy access to information from various sources
are characteristics of the 21st-century, including
21st-century education. Nowadays, students can
easily access various learning resources that may
not be accessible to teachers. In addition, stu-
dents and teachers can easily share their findings
through various platforms, both free and paid.
Therefore, additional skills are needed so that
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competencies in the 21st-century (Chung et al.,
2016; Siddiq et al., 2016; Shin, 2018; Alpusari et
al., 2019; Gordon & Martin, 2019), and it contri-
butes scientifically to be accepted in society. The
SCS encourages students to deliver their facts and
data-based arguments and explanations (Pehrson
et al., 2016; Hansen et al., 2018; Grainger et al.,
2019). Besides, SCS is necessary to explain vario-
us physics concepts and simplify the explanation
of the complex research results (Dannels et al.,
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2003; Saleh et al., 2017). In addition, nowadays,
students are in the globalization era that demands
to convey ideas to the public. However, commu-
nication skills have not received much attention,
especially in the laboratory learning environment.
A study shows that communication skills
consistently fail to be demonstrated by science
students than analytical, technical, and problem-
solving skills (Gray, 2005; Sari & El Islami, 2020;
Stieff & DeSutter, 2021). Graduates do not con-
sistently display communication skills when hi-
ring (McInnis et al., 2000). Modern workplaces
complain that science graduates cannot meet the
requirements of good communication (Herok et
al., 2013). Learning how to collaborate is rarely
considered an educational outcome (Liebech-
Lien & Sjelie, 2021). Another study shows that
practicing science communication skills in under-
graduate candidates is beneficial to individuals
and society (Besley & Tanner, 2011). Students
need to practice scientific communication to
solve scientific and social problems (Bray et al.,
2012), collaboration skills increase self-efficacy,
and opportunities to work with overseas partners
for preservice teachers (Hur et al., 2020).
Previous studies still generally investigate
the issues and have not optimized the experimen-
tal learning. There have been several studies fo-
cused on developing learning strategies, methods,
and approaches to improve HOTs (Corder, 1995;
Woods et al., 2004; Rickles et al., 2009; Novita,
2010; Atasoy, 2013; Chen et al., 2013; Hoskova-
Mayerova, 2014; Kusumawati et al., 2015; Kloch-
kova et al., 2016; Prahani et al., 2016; Patriot et
al., 2018; Triana et al., 2019). In addition, the re-
searchers also focused on improving the model
of teaching (Spektor-Levy et al., 2008; Yuliardji,
2017; Lubis et al., 2018; Alpusari et al., 2019) and
learning media (Yang & Heh, 2007; Van Nuland
etal., 2012; Elmas et al., 2013; Wang et al., 2015;
Pehrson et al., 2016; Yuliardi, 2017; Triana et
al., 2019) or evaluation (Ladyshewsky & Gotja-
manos, 1997; Susie et al., 1999; Hobgood et al.,
2002; Dunbar et al., 2006; Harasym et al., 2008;
Calhoun et al., 2010; Pehrson et al., 2016).
While SCS and other thinking skills are
proved more effectively by employing experimen-
tal-based learning (Zhou et al., 2013; Ibnu & Ra-
hayu, 2020; Nuryantini et al., 2020), experiment-
based learning and other experimental models
involve students to observe phenomena, trace the
causes, test hypotheses, interpret, analyze, and
explain findings.
The experimental models enable students
to practice SCS and the Collaborative Skills (CS)
simultaneously demonstrated by an experimental
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activity that allows students to work in a group (Li
& Adamson, 1992; Di Marco et al., 2009; Wang
etal., 2015; Ardhyani & Khoiri, 2017). Like SCS,
CS is also necessary for the 21st-century (Garcia,
2016) to facilitate students to collaborate even
with strangers.

CS, in the same condition as SCS, still re-
ceives less attention in the learning process. Most
schools still prioritize competition among stu-
dents as an effort to improve their learning out-
comes. As a result, there are often significant dif-
ferences in the students’ skills. However, several
efforts to effectively practice CS have started to
develop. At least, there are four significant scopes
as the focus of CS development that are learning
strategies (McCandliss et al., 2003; Khan, 2008;
Sundari, 2008; Sinex & Chambers, 2013; Walker
& Sampson, 2013; Luo, 2014; Warne, 2014), te-
aching model (Liu et al., 2011; Erika & Prahani,
2017), learning media (Aydm, 2016; Ardhyani
& Khoiri, 2017; Rubini et al., 2018; Rosidah &
Rosdiana, 2019), and learning evaluation (Khan
& Saleh, 1997; McCandliss et al., 2003; Walker &
Sampson, 2013).

Research on CS frequently combines treat-
ment for other skills: with critical thinking skills
(Hughes et al., 2018), with creative thinking
(Chang et al., 2016), with learning outcomes
(Garcia, 2016), and with argumentation skills
and self-efficacy (Erika & Prahani, 2017). Ho-
wever, research that constructs the combination
of communication and collaboration skills is still
rarely conducted. Therefore, this study aims to in-
vestigate experimental-based learning that trains
and develops SCS and CS simultaneously.

Another problem that has been encoun-
tered, especially in experimental-based learning,
is gender consequence. Stereotypes rooted in so-
ciety believe that male students have better skills
than female students as an extended assumption
that men are better at working with technology
than women (Crymble, 2016). Furthermore, the
existence of gender does not always provide a
significant difference in improving the learning
outcome. According to Brodahl (2011), gender
does not significantly affect writing practices. Ho-
wever, the students’ different skills are dominated
by their adaptability to the technology applied. In
collaboration, gender differences are frequently
employed to determine a group’s task divisions,
especially group works that require physical skills
(Adolphus & Omeodu, 2016). Students tend to
be spectators and data writers (like a secretary)
when this method is implemented during the ex-
perimental activities. This result will indirectly
affect the students’ readiness to be prospective



A. Malik and M. Ubaidillah / JPII 10 (4) (2021) 585-595

teachers. Therefore, this study employs gender as
a factor to evaluate the effects of gender on stu-
dents’ skills.

This study focuses on determining the si-
multaneous improvement of SCS and CS prac-
ticed by implementing two experimental mo-
dels, HOT Lab and MSLAM. The study aims
to investigate the readiness of each experimental
model to practice two or more thinking skills si-
multaneously. The study is expected to propose
a description of the readiness model and possib-
ly provide a reflection to improve the model in
the future. Thus, the learning process becomes
more efficient and successfully prepares output
or graduate profiles with superior skills. The re-
searchers hypothesize that students who conduct
experiments by adopting the MSLAM model will
have better SCS and CS than those who employ
the HOT Lab model. In addition, this study fo-
cuses on identifying the influences of gender on
experiment-based learning. The assumption that
male students are better than female students in
terms of experimental activities psychologically
influences students’ and the teacher’s point of
view. Therefore, this study is expected to describe
the effects of gender differences. The researchers
hypothesize that there are no significant differen-
ces between male students and female students.
The research questions of this study are 1) How
do the HOT Lab Model and the MSLAM simul-
taneously affect the increase of SCS and CS?; 2)
Does gender affect the simultaneous practices of
SCS and CS?

METHODS

This study employed a quasi-experimental
method that discussed the effects of the experi-
mental model HOT Lab and MSLAM in simulta-
neously practicing SCS and CS (Ary et al., 2018).
The experimental design is provided in Table 1.
Furthermore, gender was employed as a review
factor to determine their effects on experimental
learning, especially on practicing SCS and CS at
one time.

Table 1. Experimental Design

SCS CS
Class

Ctrl. Exp. Ctrl. Exp.
A A-C, A-X A-C, A-X,
B A-C A-X A-C, A-X,
C A-C, A-X A-C, A-X,
D A-C, A-X, A-C, A-X,
E A-C, A-X A-C, A-X,

Explanation: A: UIN Sunan Gunung Djati Bandung, B: UIN
Imam Bonjol Padang, C: UIN Alauddin Makasar, D: IAIN
Palangka Raya, E: IAIN Syekh Nurjati Cirebon
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This study involved 327 students (168 students
used HOT Lab and 159 used Multiple Skill; 69
Male and 258 Female from 18 to 22 years old),
and they were divided into ten groups: five
groups applied the MSLAM as the experimental
class, and five groups applied the HOT Lab as the
control class. All of the groups conducted expe-
riments on the series-parallel circuit on electrical
and elasticity. This research was conducted from
May 2019 to July 2020 by practicing the HOT
Lab and the MSLAM to physics education stu-
dents from five universities representing four re-
gions in Indonesia. They were Java (UIN Sunan
Gunung Dajti Bandung and TAIN Syekh Nurjati
Cirebon), Sumatera (UIN Imam Bonjol Padang),
Kalimantan (IAIN Palangka Raya), and Sulawe-
si (UIN Alauddin Makasar). The students had
heterogeneous-academic skills and laboratory
experience. In each university, the students were
divided into two groups: one group experimented
by employing the HOT Lab model as the control
class, and the other group experimented by emp-
loying the MSLAM model as the experimental
class.

In this study, participants carried out ex-
perimental activities according to their respective
practicum instructions. During the implementati-
on, observations were made to obtain informati-
on about the skills of scientific collaboration and
communication. In the end, participants were gi-
ven a post-test to get information about the final
skills of the participants. The assessment sheets
were employed to collect data consisting of as-
sessment of SCS and CS. The assessment rubric
used was developed following modern learning.
The rubric was feasible used according to five ex-
pert judgments. The SCS instruments consisted
of three aspects: scientific writing, information
representative, and knowledge presentation. Me-
anwhile, the CS instruments consisted of seven
indicators: contribution, group work, responsibi-
lity, problem-solving, open-mindedness, respect,
and group investigation skills. Five observers in
each university filled the instruments based on a
rubric with a range of 1-3 or 1-4 for several in-
dicators. All of the instrument was validated by
expert judgment and recommended used for me-
asuring students’ skills.

The students in the control class were ex-
perimented with 11 stages of the HOT Lab, while
the students in the experiment class were expe-
rimented with 15 stages of MSLAM. HOT Lab
stages consisted of real-world problems, experi-
mental questions, alternative solutions, conceptu-
al questions, prediction, tools and materials, exp-
loration, measurement, data analysis, answering
predictions, and presentation. On the other side,



588

MSLAM stages consisted of orientation issues,
brainstorming, alternative ideas, discussion, con-
ceptual questions, predictions, equipment, explo-
ration, measurement, processing data, analysis,
conclusion, presentation, and evaluation.
MANOVA analysis was employed to de-
termine the contribution of two types of experi-
ments on the students’ SCS and CS toward ex-
perimental activities as their course. MANOVA
was chosen because it fits the research design in
which there are two interrelated dependent va-
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riables: the practicum model and gender (Warne,
2014). Moreover, gender differences were emplo-
yed as a review factor in the students’ skills. The
statistical significance of this research was 0.05
level in two-tailed hypothesis tests.

RESULTS AND DISCUSSION

The first analysis discusses the effects of an
experimental model on the improvement of SCS
and CS provided in Table 2.

Table 2. The Multivariate Test by Wilks’ Lambda Method

Value F sig.
UIN Sunan Gunung Djati Bandung 0.472 1.867 0.00
UIN Imam Bonjol Padang 0.387 21.769 0.00
UIN Alauddin Makasar 0.353 26.529 0.00
TAIN Palangka Raya 0.460 16.171 0.00
TAIN Syekh Nurjati Cirebon 0.557 13.893 0.00

Table 2 shows that the experimental mo-
del significantly influences SCS and CS, shown
by a significant value of less than 0.05. The sub-
sequent analysis employed the Test of Between-
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0.70
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0.00 0.00
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0.00 0.00 |000001000

Subject Effects data in each skill group as pre-
sented in Figure 1. This analysis was conducted
by referring to intercept and signification values.

0.11

0.06
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UIN Sunan Gunung
Djati Bandung

UIN Imam Bonjol
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Makasar

TAIN Palangka Raya IAIN Syekh Nurjati
Cirebon
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Figure 1. The Test of Between-Subject Effects — An Experimental Model (Intercept: 0.00)

Figure 1 indicates that the intercept value
of every subject group is smaller than 0.05, and it
is interpreted as significant. This result indicates
that there is an increase in SCS by ignoring the
experiment influence. This result has not been fi-
nalized because it is compulsorily confirmed with
significant values. The data reveal that only two
subject groups have a lower value than 0.05 in
SCS, and only three subject groups have a higher

score than 0.05 in CS. Therefore, only two subject
groups on SCS and seven groups on CS show a
significant effect.

Gender is employed as a factor of analysis.
Gender is assumed as a variable that can diffe-
rentiate students’ SCS and CS when conducting
the experiments. Thus, the gender analysis is con-
ducted similarly to the experimental model ana-
lysis.
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Table 3. The Multivariate Test by Wilks’ Lambda Method

Value F sig.
UIN Sunan Gunung Djati Bandung 0.008 2078.854 0.000
UIN Imam Bonjol Padang 0.919 1.211 0.317
UIN Alauddin Makasar 0.882 1.934 0.117
TAIN Palangka Raya 0.915 1.281 0.289
TAIN Syekh Nurjati Cirebon 0.859 2.879 0.029

In Table 3, statistics analysis proves that
gender does not significantly contribute to the
improvement of SCS and CS because the signifi-

cance values of the four subject groups are more
than 0.05. Meanwhile, more calculation is proved
in Figure 2.

100 (g3
0.90
0.80 0.79 0.76
0.70 w e
0.61

0.60 0.53 0.54 055
0.50 1 7 T

0.40. Bo.41 0.42
0.40 = |
0.30 | “ b 53 f
0.20 017 0.8 , 0.16/ | 0.17
0.10 0.06f ||

Qﬁf‘ -l | 0.00
0.00 - .
UIN Sunan ~ UIN Imam Bonjol UIN Alauddin ~ TAIN Palangka IAIN Syekh
Gunung Djati Padang Makasar Raya Nurjati Cirebon
Bandung
BSCSEC ®mSCSEl mCSEC ©CSEl

Figure 2. The Test of Between-Subject Effects—Gender (Intercept: 0.00)

Figure 2 shows that intercept values in
both SCS and CS are smaller than 0.05. There-
fore, it can be concluded that there is an increase
in SCS and CS by ignoring the contribution of
gender. Meanwhile, the column of sig. for SCS
shows that gender does not significantly impact
SCS. However, the value of sig. for CS shows that

the sig. values of the two subject groups are lower
than 0.05, and it indicates that gender influen-
ces the increase of CS. The last analysis discusses
the contribution of laboratory activities and gender
to achieve SCS and CS. Table 4 shows that the p-
values of most experimental models are less than
0.05.

Table 4. The Multivariate Test by Wilks’ Lambda Method

Value F sig.
Experimental model 0.005 3201.903 0.000
UIN Sunan Gunung Djati Bandung
Gender 0.943 0.958 0.437
. Experimental model 0.381 21.952 0.000
UIN Imam Bonjol Padang
Gender 0.904 1.433 0.236
) Experimental model 0.895 1.679 0.167
UIN Alauddin Makasar
Gender 0.358 25.519 0.000
Experimental model 0.460 15.876 0.000
TAIN Palangka Raya
Gender 0.915 1.257 0.298
L Experimental model 0.555 13.853 0.000
TAIN Syekh Nurjati Cirebon
Gender 0.854 2.940 0.026
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It shows that the experimental models can
significantly affect the SCS and CS. Meanwhile,
the significance values of the gender aspect are
mostly greater than 0.05, and it indicates that
gender does not significantly influence the inc-
rease of SCS and CS.

The test results of between-subject effects
in Table 5 show that, overall, the students’ SCS
and CS increase without considering the influen-
ce of the experimental model. Furthermore, the
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results show that gender has a small intercept va-
lue of 0.05. Considering the contribution of the
experimental model and gender, the SCS and CS
insignificantly increase as indicated by the ave-
rage scores of significance values in exp.: 0.24
for SCS and 0.08 for CS. Meanwhile, gender in-
fluences SCS by 0.39 and CS by 0.29. However,
it is stated that in SCS, the experimental model is
more influential than gender.

Table 5. The Test of Between-Subject Effects—Integrated Analysis

SCS CS
Subject Groups Content
Intercept Exp. Gender Intercept Exp. Gender

UIN Sunan Gunung gﬁgﬁf 0.000  0.000 0.303 0.000  0.063 0.632
Djati Bandung .

Elasticity ~ 0.000  0.016  0.548 0.000  0.057  0.243
UIN Tmam Bonjol gi‘jftlc 0.000 0.172  0.169 0.000  0.000 0.503
Padang o

Elasticity ~ 0.000  0.442  0.278 0.000  0.000  0.190
UIN Alauddin g‘;gﬂf 0.000 0.723  0.886 0.000  0.051  0.000
Makasar o

Elasticity ~ 0.000 0211  0.826 0.000  0.614  0.000

Elelctric 0.000 0.599  0.064 0.000  0.006 0.473
IAIN Palangka Raya  Circuit

Elasticity ~ 0.000  0.002  0.117 0.000  0.000  0.528
TAIN Syekh Nurjati g‘;ﬁfﬁf 0.000 0.124 0469  0.000  0.000  0.003
Cirebon .

Elasticity ~ 0.000  0.069  0.192 0.000  0.000  0.420

The study results indicate that the experi-
mental model has significant effects on improving
students’ SCS and CS simultaneously. According
to Liu (2011) and Warne (2014), a significance-
value less than 0.05 indicates that the indepen-
dent variables (the experimental model) bring sig-
nificant impacts on the dependent variables (SCS
and CS) with the level of confidence is 95%. Furt-
hermore, these results are supported by previous
studies that show the effects of the experimental
model on SCS (Walker & Sampson, 2013; Aydin,
2016; Malik et al., 2018; Sapriadil et al., 2018)
and CS (Sinex & Chambers, 2013; Zakwandi et
al., 2020). Therefore, these results show that the
SCS and CS can be simultaneously improved
through one laboratory activity, the Multiple Skill
Laboratory Activity Model (MSLAM).

Table 3 shows the limitation of MSLAM
and HOT Lab models, and it reveals that only
20% of the subject group reach the target. Howe-
ver, it can still be stated that there is a difference
in the value of SCS and CS by ignoring the type

of laboratory activity. Many factors cause this
condition, and one of them is learning activities
as Rubini et al. (2018) prove that monotonous
learning activities are difficult to increase the
students’ skills. Thus, the solution is presenting
a variety of activities and providing the students
with a challenge. Furthermore, most Indonesi-
an school laboratories have not been optimized.
The condition brings several harmful impacts be-
cause the experimental activities always require
habituation. In addition, another finding reveals
that the students have different skills to conduct
different topics of an experiment. The significant
average of electrical circuit content is 0.3684, and
no subject group has a significant effect.
Meanwhile, the average significance of the
elasticity topic is 0.2936, shown by two influential
subject groups. This difference proposes the idea
that students have some constraints on conduc-
ting experiments on electrical circuits. Rosidah &
Rosdiana (2019) state that students in traditional
schools in Indonesia consider the electricity topic
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less desirable and challenging to learn. However,
the students consider elasticity topics easier to
learn. Furthermore, the study result shows that
CS has a more significant increase than SCS. This
finding is similar to the study by Nurafiah et al.
(2018), who prove that students’ CS increases
more highly than their critical thinking, creativity,
and communication skills. The correlation test by
employing the R? value indicates the correlation
between dependent and independent variables.
The test shows that SCS on the electrical circuit
topic has an R? value of 0.0316, the value of SCS
on elasticity topic is 0.1512, the value of CS on
electrical circuit topic is 0.2512, and the value of
CS on elasticity topic is 0.3542. Thus, it can be
inferred that the correlation is relatively low (Ho-
warth, 2017).

Learning design in MSLAM builds stu-
dents’ knowledge through social interaction. This
is following the learning characteristics proposed
by Vygotsky that in a learning process students
must actively build knowledge. Collaborati-
ve activities and scientific communication that
emphasize high social interaction are expected
to optimize students’ thinking skills. Contextual
physics phenomena allow students to learn from
new things that are close to life. In addition, the
design of learning activities that emphasize the
completion of certain tasks is following the main
principles of the learning model developed by Vy-
gotsky, which is Scaffolding. (Smagorinsky, 2018;
Shvarts & Bakker, 2019).

The data of gender differences of this study
show that gender differences do not significantly
influence the improvement of students’ SCS and
CS. It indicates that male and female students
have an equal opportunity to achieve competen-
ce in experiment-based learning. This result con-
firms those of previous research deploying that
gender does not significantly result in differences.
Even so, women have better grades than men (Shi
et al., 2015). Nevertheless, Shi et al. (2015) argue
that students can still work together in conduc-
ting experiments through the best possible dispo-
sition. However, there are several considerations.
For example, female students tend to garrulously
work in a minority group while male students are
talkative when they work independently. Shi et al.
(2015) add those female students are more like-
ly to play a supporting role while male students
play a prominent role when collaborating in ex-
perimental activities. Furthermore, the results of
R2 show very weak correlations between gender
and SCS on electrical circuits topic by 0.02, gen-
der and SCS on elasticity topic by 0.13, between
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gender and CS on the electrical current topic by
0.04, and between gender and CS on elasticity to-
pic by 0.01.

The integrated analysis is conducted by
employing two independent variables in which
one factor significantly influences and the other
factor does not. This condition indicates that this
factor analysis is unsuitable because it leads to
inconsistent significance values possibly caused
by several variables. The experimental model is
an external factor that can be managed in speci-
fic ways, while gender is an internal factor that
cannot be controlled. However, indicators that
are likely influenced by genders, such as moti-
vation and perspective, can be managed. Hence,
by using MSLAM, we can improve students’ CS
better than SCS simultaneously. While the result
also shows that students’ SCS cannot be impro-
ved optimally.

The limitations of this research are conduc-
ting subject sampling with high levels of heteroge-
neity and broad scope. Besides, the constraints of
this study relate to the level of preliminary skills
and behavior in each subject group. The instru-
ment of this study is the performance appraisal to
measure SCS and CS, while the assessment pro-
cess is more complex. Therefore, further research
can investigate the development of evaluation
instruments that precisely measure the effects of
conducting laboratory activities to improve more
skills at one time. Therefore, it is expected that
further research will provide more specific me-
asurement results.

CONCLUSION

Learning based-experiment by employing
the Multiple Skill Laboratory Activity Model
(MSLAM) can positively impact the HOT Lab.
Overall, the communication and collaboration
skills improve after conducting the experimental
model. The analysis results reveal that the experi-
mental aspect shows more significant impacts on
improving scientific communication and collabo-
ration skills than gender. Furthermore, the impro-
ved collaboration skills are better than scientific
communication skills. Therefore, MSLAM and
HOT Lab are better at improving collaborati-
on skills. The limitations of this study include a
sampling of heterogeneity of subject groups, the
habits of the experimental model performed by
each subject, and assessment instruments emplo-
yed to measure skills of scientific communication
and collaboration. These limitations propose that
the implementation of experimental model-based
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learning requires empowerment. The students
have a more adaptive learning experience and are
compatible with the current conditions. Moreo-
ver, further research on developing an appropriate
assessment instrument needs to consider.
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