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Abstract

This study reports the results of a meta-analysis synthesizing the available
literature on the effectiveness of various forms of small-group learning methods
on the academic achievement of college students in undergraduate engineering
and technology classrooms. The meta-analytic results showed that cooperative
learning, collaborative learning, problem-based learning, and peer-led team
learning pedagogies were studied in college technology and engineering
classrooms. The results also revealed that most of the primary studies supported
the effectiveness of the small-group learning methods in improving students’
academic achievement with an overall positive weighted average effect size of
0.45 in standard deviation units favoring small-group learning methods. The
findings might help engineering and technology instructors and educators by
providing guidance in identifying the conditions under which various forms of
innovative small-group pedagogies are more effective than the traditional
lecture-based teaching and individualized instruction.

Keywords: cooperative learning, collaborative learning, engineering education,
problem-based learning, small-group learning, STEM, technology education

For the last three decades, there have been numerous and consistent calls for
instructional reforms and innovations in science, technology, engineering, and
mathematics (STEM) education by national and federal agencies as well as
national organizations such as the Accreditation Board for Engineering and
Technology (Engineering Accreditation Commission of the Accreditation Board
for Engineering and Technology, 1997), the American Association for the
Advancement of Science (1989, 2004), the National Science Board (2003, 2010,
2015), the National Science Foundation (1996), the National Academy of
Engineering (2004, 2005), the National Research Council (1996), and the
Domestic Policy Council and Office of Science and Technology Policy (2006).
In their publications and recommendations, they have emphasized the need to
examine and explore the teaching practices and student-learning processes that
require various forms of innovative small-group pedagogies in STEM college
classrooms. In addition, these calls have stressed the requirement for graduates
from the various STEM disciplines and programs to have the ability to
communicate effectively, think reflectively and critically, and function
effectively in cooperative and collaborative multidisciplinary diverse team-
based educational and workplace settings (Engineering Accreditation
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Commission of the Accreditation Board for Engineering and Technology, 1997;
Jamieson & Lohmann, 2009). These desired educational goals might be
accomplished by adopting active small-group learning pedagogies that stress
experiential methods, which simulate real team-based workplace environments
and provide real-life learning experiences (National Academy of Sciences,
National Academy of Engineering, & Institute of Medicine, 2005; National
Academy of Engineering, 2004).

In response to these numerous calls and recommendations, many STEM
educators and instructors across all levels of schooling have been developing,
studying, and adopting various innovative forms of active small-group learning
methods in their classrooms as alternative pedagogies for traditional lecture-
based and individualized instruction. Cooperative learning, collaborative
learning, problem-based learning, peer-led learning, peer-learning, inquiry-based
learning, and team-based learning are examples of such innovative systematic
forms of small-group learning methods. In small-group learning, students in the
classroom are divided into groups to work together collaboratively on classroom
activities to accomplish a common learning goal.

Consequently, many empirical primary studies have been conducted to
examine the effectiveness of these innovative small-group learning methods in
comparison to lecture-based instruction across all levels of schooling. As far as
we know, no meta-analytic review has been conducted to examine the impact of
the various forms of small-group learning pedagogies on students’ achievement
in technology and engineering undergraduate college classrooms. Therefore,
there is a need to survey, review, integrate, and synthesize the existing research
on the impact of the different small-group learning pedagogies compared to
lecture-based and individualized instruction in STEM undergraduate courses
across technology and engineering disciplines. The main objectives of the meta-
analytic study were to: (a) determine how much empirical primary research has
been conducted and evaluated on the use of each of the various forms of small-
group learning methods in undergraduate technology and engineering
classrooms and (b) determine if each of the evaluated innovative small-group
methods is effective in maximizing student achievement in technology and
engineering college courses.

Meta-Analysis Methodology
Meta-analysis is a quantitative statistical method for synthesizing and
integrating the research findings from the accumulated scientific literature on a
specific research topic that address and test the same fundamental research
question and hypothesis (Hedges & Olkin, 1985). In this section, we describe
how we conducted the meta-analytic review for this study.
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Identification of the Relevant Studies

We used extensive library search procedures to identify published and
unpublished primary studies that focused on the effectiveness of small group
learning instruction compared to lecture-based and individualized instruction in
technology and engineering college classrooms. Library searches were
conducted through (a) searching electronic databases, such as the ProQuest
Dissertations and Theses database, searching electronic technology and
engineering journals, such as the Journal of Technology Education and the
Journal of Engineering Education, and (b) examining the references of these
studies to identify other potential relevant primary studies in engineering and
technology.

The keywords used in this study included: “cooperative learning,”
“collaborative learning,” “problem-based learning,” “small-group learning,”
“peer-led group learning,” “peer learning,” and “team-based learning.” These
keywords represented the key small-group learning pedagogies and were
combined with “technology” or “engineering” subject matter descriptors in
“college” and “university” settings.

Inclusion or Exclusion Criteria of the Primary Studies

Stringent inclusion criteria were established and used to determine whether
a primary study was qualified to be included in the present meta-analytic review.
A study was included in the meta-analysis if it met the following criteria: (a)
used two-group research designs (experimental, quasiexperimental, or
comparative) that focused on comparing one of the various forms of small-group
learning pedagogies to the traditional lecture-based and individualized
instruction on college students’ achievement, (b) involved undergraduate
technology and engineering college classes, and (¢) reported the necessary
descriptive summary statistics such as the means and standard deviations of the
achievement scores for the two comparison groups. With these preset criteria,
we identified 18 technology and engineering primary studies.

Coding of Study Features

Based on a careful review of the collected literature, a coding instrument
was constructed to cover the methodological and substantive features of each of
the 18 primary studies. The coding of the study features was based on the
reported information in the primary studies. Publication year, publication type,
and instructional duration are examples of the coded characteristics of the
primary studies.

Estimating and Calculating the Effect Sizes

In this meta-analytic study, 26 independent effect sizes, based on
independent samples of students, were extracted from 18 primary studies. The
26 independent effect sizes (standardized mean differences) were calculated to
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measure the effectiveness of each of the various forms of small group learning
instruction compared to either a lecture-based instruction or an individualized
instruction in evaluating students’ achievement scores in technology and
engineering college courses. The effect-size index for each primary study was
calculated by taking the difference between the means of achievement scores of
the students who were instructed by the small-groups methods and the lecture-
based groups and dividing the difference by the two groups’ pooled standard
deviation, known as Hedges s g (Hedges & Olkin, 1985; Kalaian & Kasim,
2014). To obtain the weighted average effect size, which is referred to in this
study as d, each of the effect sizes was weighted by its inverse of the combined
sampling and random errors.

Integrating and Modeling Effect Sizes

The meta-analytic results of this study were obtained by using the
Comprehensive Meta-Analysis (Version 2.0) software package. The random-
effects approach for meta-analysis was used to synthesize and integrate the
accumulated technology and engineering literature on the effectiveness of the
various forms of small-group learning pedagogies on college students’
achievement in technology and engineering college classrooms. Moderator
analyses involving the categorical and continuous coded characteristics of the
primary studies (e.g., publication year, instructional duration) were also
performed to investigate the conditions under which the various forms of small-
group learning methods may have different effects.

Results

The results of this study are organized into three main sections. The first
section lists and describes the characteristics of the primary studies, the
weighted effect sizes. The second section reports the results of the subgroup
analysis for the major subgroup characteristics of the primary studies (study
design characteristics, instructional characteristics, and student grouping
characteristics) and includes the categories of the moderator variables. Finally,
the third section reports the results of the metaregression analysis to explain the
variations among the effect sizes using the coded continuous variables of the
primary studies as moderators (predictors) in the regression model.

Overall Meta-Analysis Results

Figure 1 shows the forest plot of the effect sizes, which includes the first
author’s name, publication year, the effect size (Hedges’s g), p-value, and the
weighted average effect size of the 26 independent effect sizes using the
random-effects model. As shown in Figure 1, the primary studies were
published between 1995 and 2010. The 26 independent effect sizes, which were
extracted from the 18 primary studies, ranged in value from -0.28 to +1.40. Out
of the 26 effect sizes, 22 had positive effects in favor of small-group learning,
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whereas the remaining four had negative effects in favor of lecture-based and
individualized instruction.

Forest Plot of the Effect Sizes

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper

g error limit limit Z-Value p-Value
Benson A (2010) 0.806 0.165 0483 1.130 4.886 0.000 -
Benson B (2010) 1.399 0.185 1.036 1.762 7.552  0.000 I~
Benson C (2010) 0.047 0.192 -0.329 0423 0244 0.807
Benson D (2010) 0.558 0.202 0.163 0.954 2768 0.006 -
Benson E (2010) 0.268 0.166 -0.058 0594 1614 0.107
Benson F (2010) 0.505 0.160 0.191 0.818 3.152  0.002 -
Cheaney (2005) -0.081 0.151 -0.378 0216 -0.535 0.593
Cheng (2009) 0.373 0.197 -0.014 0.760 1.890 0.059
Chien Cheng-Chih (1997)  0.312 0.329 -0.332 0957 0950 0.342
Demetry (1997) 0.197 0.096 0.009 0.384 2.055 0.040
Dori (2007) 1.000 0.337 0.340 1660 2970 0.003 :I:
Felder (1998) 0.293 0.153 -0.007 0.592 1.917 0.055
Gokhale (1995) 0.980 0.306 0.381 1579 3.208 0.001
Hsieh (2008) 0.587 0.211 0.173 1.000 2.782 0.005 -
Leung (1997) 0.537 0.209 0.128 0946 2571 0.010 ——
Mathews (2004) 0.388 0411 -0419 1.194 0942 0.346 =
Nembhard (2009) 0.898 0.171 0.563 1.233 5258 0.000 -
Sahin (2010) 1.255 0.184 0.895 1.615 6.831 0.000 -
Shoffner A (1997) 0.003 0.369 -0.720 0.725 0.008 0.994
Shoffner B (1997) -0.065 0.385 -0.820 0.690 -0.169 0.866
Shwartz A (2007) 0.207 0.177 -0.141 0554 1.167 0.243
Shwartz B (2007) -0.070 0.177 -0416 0.277 -0.394 0.693
Uribe A (2003) 0.456 0.378 -0.285 1.198 1.207 0.227 =
Uribe B (2003) 0.837 0.382 0.089 1.585 2.194 0.028 —l——
Usoh (2003) 0.270 0.326 -0.369 0909 0.828 0.408
Yaeger (2002) -0.284 0.216 -0.707 0.139 -1.317 0.188

0.449 0.087 0.278 0620 5.138 0.000 L 3

-2.00 -1.00 0.00 1.00 200

Favors Lecture Favors Small-Group

Figure 1. Forest plot of the effect sizes of the primary studies.

The overall homogeneity test results revealed that the 26 effect sizes of the
primary studies were heterogeneous (Q = 115.81, p < 0.00), indicating that there
was significant heterogeneity among the effect sizes of the primary studies and
that these differences may be explained by the coded characteristics of the
studies. Also, the results of the random-effects model revealed that the overall
weighted average of the 26 effect sizes was positive and significant (d = 0.45, p
< 0.00).

Subgroup Analysis of the Categorical Moderator Variables

Based on the homogeneity test results, which indicated that the 26 effect
sizes were significantly heterogeneous, we conducted subgroup analyses for the
coded categorical variables using the random-effects methods. This analysis was
performed in order to identify both the source of variability among the effect
sizes and the differences among the subgroups. The following are the results of
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the subgroup analyses for the three major subgroup characteristics: study design
characteristics, instructional characteristics, and student grouping characteristics.

Subgroup results of the study design characteristics. The subgroup
results of the random-effects categorical analysis for the categories of the major
coded study characteristics of the primary studies are shown in Table 1. As
shown in Table 1, seven effect sizes were extracted from the primary studies that
had been published in 2000 or earlier with a d-value of 0.32. The remaining 18
effect sizes were extracted from the primary studies that had been published in
2001 or later with a d-value of 0.49, which was much larger than the average
effect size of the primary studies that were published in 2000 or earlier.

The results also show that 18 effect sizes were extracted from articles
published in peer-reviewed journals with a significant and positive d-value of
0.58. This average effect size was much larger than the average effect size of the
remaining eight effect sizes that were extracted from PhD dissertations with a
nonsignificant d-value of 0.05. Regarding the research design that is used in the
primary studies, the quasiexperimental studies (two-group pre—post research
design) produced much larger effect sizes with a significant d-value of 0.52 than
the nonexperimental (comparative post-only) studies with a significant d-value
0f 0.40.

In addition, the results show that the engineering primary studies in this
review produced larger effect sizes (18 effect sizes with a d-value of 0.48) than
the technology primary studies (eight effect sizes with a d-value of 0.38). In
regards to college classroom level, the effect sizes for first-year freshmen
classrooms were much larger (d = 0.84) than the effect sizes of the higher level
college classrooms (sophomores, juniors, and seniors; d = 0.38). These results
indicate that the various small-group learning methods were much more
effective in the freshmen level of college than the higher levels.

Furthermore, the results show that the majority of the primary studies were
conducted at universities and colleges in the United States and 24 effect sizes
were extracted from these primary studies. The d-value of these 24 effect sizes
was positive and statistically significant. The remaining two effect sizes were
extracted from the primary studies that had been conducted in China and Turkey
and had much larger effect sizes with a significant positive d-value of 0.90.
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Table 1
Subgroup Analysis of the Study Characteristics

Study characteristics #ofd d-value  p-value

Publication year

2000 or earlier 7 0.32 0.00

2001 or later 19 0.49 0.00
Publication type

Published articles 18 0.58 0.00

Theses and dissertations 8 0.05 0.62
Research design

Quasi-experimental 10 0.52 0.00

Non-experimental 16 0.40 0.00
Classroom level

First year class 4 0.84 0.00

Higher classes 22 0.38 0.00
Study location

United States 24 0.41 0.00

Other countries 2 0.90 0.01
Discipline

Engineering 18 0.48 0.00

Technology 8 0.37 0.02

Subgroup results of the instructional characteristics. The results of the
subgroup analyses that are related to the instructional characteristics of the
engineering and technology primary studies are shown in Table 2. The results
show that during the last 3 decades, four different methods of small-group
learning (cooperative, collaborative, problem-based, or peer-led team learning
pedagogies) have been used and evaluated in the technology and engineering
college classrooms. The results also show that both cooperative and
collaborative learning methods promoted larger effects in increasing students’
achievement with d-values of about 0.51 and 0.46, respectively, and followed by
problem-based learning with a d-value of 0.36. Only one primary study
implemented peer-led team learning and had the lowest effect size of 0.20.

About 25% of the effect sizes that were extracted from six primary studies
had much shorter instructional durations (20 hours or less) with a d-value of
0.41. The other 75% of the effect sizes had instructional durations of 30 hours or
more (d = 0.45), which is almost similar to the shorter instructional duration.
None of the primary studies in this review had instructional durations between
21 and 29 hours.

Courses that used computers as an instructional aid in the classrooms had
larger effects sizes with a significant positive d-value of 0.50 than courses that
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did not use computer-aided instruction with a significant positive d-value of
0.42. The results also show that the primary studies had about similar effect
sizes when the instructional intervention was delivered by either the researcher
(author) of the primary study or another instructor who was not the researcher of
the primary study with d-values of 0.44 and 0.45, respectively.

Regarding the ethnic diversity of the students: None of the studies had
predominately minority students in the classrooms. Five effect sizes were
extracted from the primary studies that were predominately White (more than
60%) with a d-value of 0.26, and the majority of the primary studies did not
report the ethnic diversity of the classrooms. These studies had a much higher
effect sizes (d = 0.49) than the studies that reported the ethnic diversity of the
students.

Similar to the ethnic diversity of the students in the classrooms, the results
show that the 13 effect sizes were extracted from the primary studies that did not
report the gender diversity of the students in the engineering and technology
classrooms and had a d-value of 0.53. Ten effect sizes were extracted from the
primary studies with male dominated classrooms (more than 60%) and had a d-
value of 0.42. The remaining three effect sizes were extracted from the primary
studies with female-dominated classrooms (more than 60%) and had much
lower d-value of 0.23 than the studies that did not report the gender composition
of the classrooms.

Finally, our results show that the majority of the primary studies had used
teacher-made tests to assess students’ achievement in engineering and
technology classrooms with a significant positive d-value of 0.44. The
remaining two studies used standardized tests and produced a significant
positive d-value of 0.65.
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Table 2
Subgroup Analysis of the Instructional Characteristics of the Studies

Instructional characteristics #of d d-value  p-value

Learning method

Cooperative learning 12 0.51 0.00

Collaborative learning 7 0.46 0.00

Problem-based learning 6 0.36 0.18

Peer-led learning 1 0.20 0.04
Instructional duration

20 hours or less 6 0.41 0.00

21 hours or more 20 0.45 0.00
Classroom computer use

Yes 9 0.50 0.00

No 17 0.42 0.00
Classroom instructor

Investigator 17 0.44 0.00

Other 9 0.45 0.00
Classroom ethnic diversity

Predominately minority 0 -- --

Predominately White 5 0.26 0.08

Not reported 21 0.49 0.00
Classroom gender diversity

Predominately female 3 0.23 0.15

Predominately male 10 0.42 0.01

Not reported 13 0.53 0.00
Type of exam

Teacher made test 24 0.44 0.00

Standardized test 2 0.65 0.06

Subgroup Results of the Student Grouping Characteristics

As shown in Table 3, the primary studies that placed the students into small
groups by students’ selecting their own groups produced much higher effect
sizes (d = 0.51) than the studies that placed students in the groups by random
selection (d = 0.46) and much less than the studies that placed the students in
groups based on abilities such as their Grade Point Average (GPA) and
Scholastic Aptitude Test (SAT) scores (d =0.21). The results also show that the
primary studies with small groups of three to five students produced larger effect
sizes (d = 0.49) than the studies with groups of two students (d = 0.31).
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Table 3
Subgroup Analysis of the Grouping Characteristics of the Studies

Grouping characteristics #ofd d-value p-value

Placement of students into small

groups
Random selection 11 0.46 0.001
Ability grouping 4 0.21 0.29
Self-selected groups 11 0.51 0.00

Group size
2 students 6 0.31 0.22
3 students 12 0.48 0.00
4 students 6 0.49 0.01
5 students 2 0.49 0.01

Random-Effects Regression Analysis Results of the Continuous Predictors

Based on the homogeneity test results, which indicated that the 26 effect
sizes were heterogeneous, we conducted random-effects metaregression
analyses for each of the coded continuous moderator variables. The
metaregression analyses were performed to: (a) determine the ways in which the
coded continuous predictor variables impacted the effect sizes and (b) explain
some of the variability among the effect sizes. The two coded continuous
moderator variables were publication year and instructional duration (in hours)
of each of the primary studies in this review. Table 4 shows that the regression
coefficients (slopes) for the publication year and instructional duration of the
primary studies were 0.03 and -0.004, respectively. These regression
coefficients were close to not significant.

Table 4
Random Effects Meta-Regression Analysis of the Predictors
Regression
Predictor coefficient Standard error p-value
Publication year
Intercept -50.35 32.30 0.20
Slope 0.03 0.02 0.12
Instructional duration in hours
Intercept 0.58 0.25 0.02
Slope -0.004 0.007 0.58
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Conclusion

This meta-analytic study aimed to survey the engineering and technology
literature and investigate the effectiveness of the various forms of small-group
learning methods in comparison to the traditional lecture-based and
individualized instruction in maximizing college students’ achievement scores in
undergraduate engineering and technology classes. As far as we know, this is the
only comprehensive meta-analysis of the undergraduate technology and
engineering education literature.

The results showed that, collectively, the small-group learning methods
were more effective on average than the traditional lecture-based instruction
with a significant positive overall d-value of 0.45 in standard deviation units
favoring small-group learning methods. This means that using small-group
learning in technology and engineering classrooms could positively affect
student achievement, moving the students’ scores from the 50th percentile,
which is the percentile score of the students in the lecture-based and
individualized instructed classrooms, to the 69th percentile in the small-group
classrooms. In other words, instead of scoring better than 50% of the students in
a lecture-based class, the same student would score better than 69% of the
students in a small-group classroom. The results also showed that during the last
3 decades, four different methods of small-group learning (cooperative,
collaborative, problem-based, or peer-led team learning pedagogies) have been
used and evaluated in the technology and engineering college classrooms.

In addition to exploring the scope and magnitude of the effects of the
various forms of small-group learning methods, this study examined the
subgroups for whom small-group learning methods are effective. Although the
innovative and reform-based small-group learning methods produced positive
and significant effects across the subgroup categories, educators and policy
makers should note that the various small-group learning interventions appeared
to be significantly more effective for freshmen students, students in countries
other than the United States, students in groups of three to five, students who
chose their own groups, and engineering students. The small-group learning
interventions also appeared to be significantly more effective in recently
published studies.

The results of this quantitative meta-analytic study are based on 18
technology and engineering primary studies that were conducted since 1997 and
met the established inclusion or exclusion criteria. Based on these results, we
believe that pedagogical research in engineering and technology education is
limited and that there is a need to conduct more primary studies to examine the
effectiveness of small-group learning methods in college engineering and
technology classrooms. Also, there is a need for better reporting of the small-
group instructional processes, activities, and the results of the effects of the
various forms of small-group learning research.
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In conclusion, this meta-analytic study had shed some light on the
accumulated pedagogical literature of the effectiveness of the various methods
of small-group learning compared to lecture-based and individualized
instruction in college engineering and technology classes. Also, the results of
this study added to already converging evidence from other domains such as
STEM (Springer, Stanne, & Donovan, 1999), statistics (Kalaian & Kasim,
2014), and computer science (Kalaian & Kasim, 2015) that each form of the
small-group learning pedagogies appear to be a promising mechanism for
promoting academic success. In other words, we learned that if college students
who are taking college engineering and technology classes are placed in an
environment in which they have an opportunity to experience peer-supported
collaborative and cooperative scientific inquiry, the academic achievement of
these students will be improved and accelerated. The evidence-based findings
that emerged from this quantitative review can contribute significantly to the
current pedagogical knowledge concerning technology and engineering
education. The findings also have significant institutional policy implications in
undergraduate technology and engineering education as well as being of great
interest to instructors and educators who are interested in the pedagogical
knowledge to improve students’ success, motivation, and persistence in the
colleges of technology and engineering throughout the nation and worldwide.
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