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Over the past decade, STEM education has received increasing attention and also

has been widely recognized as one of the major emphases in contemporary science

education reform movements. STEM (science, technology, engineering, and

mathematics) involves the study of, and coherent integration among, various

academic disciplines, especially the four cardinal disciplines of STEM. It has been

advocated that STEM education could provide an opportunity for students to

develop increasingly important 21st Century skills, such as complex problem

solving, communication, and collaboration (Bybee 2010). Therefore, STEM

education is becoming even more important in preparing students for work in the

technologically advanced world and is vital for the nation’s competitiveness in the

global economy (Breiner et al. 2012).

In recent years, many STEM-related instructional materials, curricula, and

guidelines for instruction are emerging. While most of the initial attempts in STEM

education addressed one or more of the STEM subjects separately, there are

increasing advocates for emphasizing connections between or among the subjects in

STEM education (Honey et al. 2014). As a result of the prior lack of integration, a

great diversity of foci and contexts are often found in STEM-related research. The

research contexts of some STEM-related studies may only involve one of the STEM
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disciplines, while other more comprehensive studies may address more and deeper

connections among the STEM disciplines.

With the rapid development of information and communication technology,

educators and researchers increasingly highlight the potential merits of using

educational technology to improve STEM learning outcomes. In Mayo’s (2009)

review on the learning outcomes for video games in STEM disciplines, it is argued

that video games have the potential to be used as a route to large-scale STEM

education, but the quality of video games is one of the important unresolved issues

in realizing the goal. In their systematic review and meta-analysis, D’Angelo et al.

(2013) advocated that there is still much to be learned about the educational benefits

of computer simulations across the STEM domains, although the general positive

effects are clearly evident in relevant studies. To make STEM education become

more effective or efficient, the use of educational technologies, such as online

interactive learning environments, digital games, augmented reality (AR), simula-

tions, and robots, should be one of the important topics for researchers in STEM

education and educational technology. This special issue aims to offer insights into

the current and future trends and research directions in the application of

educational technologies in STEM education. Five papers encompassing four

empirical studies and one review paper are included. Below is a brief overview of

the contributions included in this special issue.

The construct of models and their educational applications have been recognized

as one of the important practices of science that should be emphasized in science

learning (e.g., Louca et al. 2012; NRC 2012). In the first paper by Papaervripidou

and Zacharia, Examining how students’ knowledge of the subject domain affects

their process of modeling in a computer programming environment, modeling-based

learning was implemented in a computer programming environment. This study

investigated whether graduate students with different science content knowledge

backgrounds, namely physics and science education graduates, developed different

modeling competence and constructed different models. Evidence included (1) two

paper-and-pencil tests that assessed the participants’ content knowledge about 1D

collisions and modeling competence, (2) the quality of the participants’ created

models, and (3) screen-capture data (both video and sound). Furthermore, the study

revealed that variation in science background knowledge appears to affect important

outcomes such as the learners’ modeling competence, the types and nature of the

models created, and the model creation progression that they followed.

In online learning environments, the understanding of how to deliver learning

content more effectively to students is critical for student better learning outcomes.

The second paper by Alforih and Williams, The effect of curriculum organization on

the acquisition of abstract declarative knowledge in computer based instructions,

aims to design an instructional method that facilitates the teaching of abstract

knowledge in the Industrial Engineering curriculum, and to demonstrate its

effectiveness through empirical research. The experiment was completed in

8 weeks. A total of 72 undergraduate students were presented with the same

abstract knowledge but presented in three different types of organization, including

a Bottom Up moving from specific to general information, a Top Down moving

from general to more specific information, and unorganized random presentation of
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topics. Another factor that was also introduced is Graphing, which is a method that

is believed to improve the learning process. The results suggest that abstract

knowledge acquisition is greatly improved when the knowledge is presented in a

Bottom-Up hierarchical fashion. On the other hand, neither Graphing nor the Top

Down or Unorganized conditions affect learning by these novice students.

For educators and researchers in the STEM education field, transformation of

assessment is one of the important issues for the success of STEM education. The

third paper by Lin et al., Design of an assessment system for collaborative problem-

solving in STEM education, developed an assessment system for evaluating junior

high students’ collaborative problem-solving (CPS) skills in the context of STEM

education. Based on a matrix of CPS proposed by the Organization for Economic

Co-operation and Development (OECD), eight assessment modules in STEM

education, including problem tasks such as designing shelves, using a microwave

oven, and construct a house, were developed. In the online assessment system, a

computer collaboration agent, rather than human collaboration agent, was devel-

oped and used in this exploratory study. This study further examined the criterion-

related validity of the effectiveness of these modules by collecting 222 junior high

students’ performance on these modules. The results provided evidence of

acceptable difficulty and satisfactory discrimination validity of the assessment

system items. Furthermore, consistency in the results of applying the system

indicated that this assessment system was adequately effective for evaluating junior

high students’ CPS skills in STEM education. Also, this study recommended that

students’ performance in establishing and maintaining team organization should be

the focus of future studies.

As advocated by D’Angelo et al. (2013), there is still much to be learned about

the educational benefits of computer simulations across the STEM domains.

Undoubtedly, simulation-based learning coupled with proper instructional strategies

is one of the important relevant research issues. The fourth paper by Srisawasdi and

Panjaburee, Exploring effectiveness of simulation-based inquiry learning in science

with integration of formative assessment, explores the effect of simulation-based

inquiry with formative assessment on ninth graders’ conceptual learning of

buoyancy-driven phenomena. Using an experimental research design, this study

revealed that students who participated in the simulation-based inquiry learning

with formative assessment significantly outperformed their counterparts who did not

have the same formative assessment experiences. They especially excelled in terms

of conceptual understanding, indicating that the integration of formative assessment

into simulation-based inquiry learning could effectively improve student compre-

hensive understanding of science concepts.

As mentioned previously, the use of video or digital games in STEM domains

could be an effective route to large-scale STEM education. The fifth paper by Cheng

et al., The use of serious games in science education: A review of selected empirical

research from 2002 to 2013, systematically reviewed the empirical studies on the

use of serious games in science education from 2002 to 2013. Using the science

citation index (SCI) and the social science citation index (SSCI) databases as the

literature sources, a total of 53 empirical studies were identified as the review

targets. These empirical studies were content-analyzed using three major
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dimensions; namely, (1) game features, (2) pedagogy, and (3) research method.

Several significant research trends among the empirical studies using serious games

in science education were identified, such as (1) knowledge construction was the

major learning goal of these serious games used in science educational settings, (2)

most of the reviewed studies were concerned with interdisciplinary learning, and (3)

relatively fewer studies explicitly introduced the educational theoretical foundations

for using serious games in science education, or the instructional strategies coupled

with the use of serious games. The educational implications and directions for

further research were also discussed in this study.

Conclusion and future studies

This special issue includes five papers that provide perspectives on the current state

of, and trends in, the application of educational technologies in STEM education.

Among these papers, four focus on the use of technology in single STEM domains

(i.e., individual science or engineering domains), including three empirical papers

on learning topics in the physical sciences and engineering (first, second, and fourth

papers); addressing in the first, the use of computer programming environments in

supporting modeling-based learning; and in the second, designing and examining an

instructional method that facilitates the teaching of abstract knowledge in the

Industrial Engineering curriculum. The fourth paper addressed integrating formative

assessment into simulation-based inquiry learning using buoyancy-based phenom-

ena as the central concept. The third and fifth papers provide a more general

perspective on the use of serious games in science education, including the role of

collaborative learning in improving real-life engineering and science problem-

solving skills, and a review of the way serious games have been examined in science

education research, respectively. Moreover, one paper in this special issue is

particularly concerned with the development and evaluation of an assessment

system for CPS in integrated STEM education contexts (the third paper).

Future research could productively explore how technology can be used to

develop learners’ knowledge, self-efficacy, and skills in solving interdisciplinary

complex problems in the integrated STEM education contexts. Especially, long-

term studies addressing this issue are clearly needed. Also further research on

analyses of learning processes in individual and group/social contexts should be

pursued using strong theoretical frameworks as a way of enhancing our conceptual

foundations for computer-based STEM education, and providing a more coherent

framework to guide research-based educational applications. In particular, student

individual learning behavior patterns could be analyzed with action-based

sequential analyses; and student interaction patterns with teachers, peers, and

technology could also be analyzed with social network analyses. Given the

multimodal, self-paced, and information feedback affordances of computer-based

learning, further research on how these qualities of digital-based learning systems

can enhance the learning of sometimes complex and multidisciplinary STEM topics

deserves more experimental attention. Moreover, the assessment of technology-
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enhanced STEM education could be another important topic to be investigated in

future studies.
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