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Abstract  

According to the Bureau of Labor Statistics, an 8% increase in employment for civil engineers is 
expected in the next decade.1 To assist in attracting more undergraduates to pursue a degree in 
Civil Engineering Technology, New York City College of Technology has implemented an 
instructional strategy in one of the main gatekeeper courses. Statics has been identified as a course 
where undergraduates either decide to retain in their Civil Engineering Technology major or 
transfer out to another one. To provide more support for undergraduates taking this course, the 
Peer-Led Team Learning (PLTL) strategy was adopted. This study compared the final grade 
distribution of the Statics course in three categories: no PLTL, non-mandatory PLTL, and 
mandatory PLTL. These categories reflect the time periods of the Statics course where PLTL was 
not offered at all, when it was an optional support program, and when it officially became part of 
the curriculum. After analyzing the final grade distribution, results showed that the ABC pass rates 
of the mandatory PLTL sections were approximately 20% higher when compared to both the no 
PLTL and non-mandatory PLTL sections. Moreover, the withdrawal rates were approximately 
10% lower for the mandatory PLTL sections when compared to the rates of the other two sections.  
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Introduction   

The fields of Science, Technology, Engineering, and Math (STEM) have been identified as fields 
that require a greater number of STEM proficient employees. Employment of engineers is 
projected to grow 4% from 2014 to 2024, adding about 65,000 new jobs.2  The demand for STEM 
professionals has highlighted the fact that there is a shortage of them.3,4 The current enrollment 
trends for STEM majors indicate that there will be a shortage of qualified individuals to fill the 
projected growth.  According to the Bureau of Labor Statistics an 8% increase in employment for 
civil engineers alone is expected in the following 10 years.1 In 2016, of 1,024,187 associate degrees 
earned, only 5,004 were in engineering.5 The number of students pursuing STEM degrees needs 
to be increased in order to reduce the STEM labor force shortage.6   Additionally, the enrollment 
and graduation rates in civil engineering programs must increase significantly to meet the projected 
demand for civil engineers. In order to minimize the shortage, the education system for STEM 
majors needs to be analyzed.7  
 
Peer -Led Team Learning  

An instructional method that has been identified as a best practice to help students get through 
their STEM major courses is the Peer-led Team Learning (PLTL) instructional design. PLTL 
consists of students working in small groups under the guidance of a trained peer leader during a 
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one-hour weekly workshop.  The role of the peer leader is to implement various techniques in 
order to engage the entire group without providing students with the solutions.  This model 
provides a healthy and engaging learning environment for students because they are working with 
peers that have already completed the course who understand and have experienced the learning 
curve.8  

PLTL was originally created in order to increase passing rates, lower failure rates, and to retain 
students in STEM majors.9 PLTL has been shown to increase the passing rates and decrease the 
withdrawal rates in STEM fields. Wilson et al, cited a 60% increase in ABC grades after 
implementing PLTL into STEM courses.10 The results of a study on students in an introductory 
biology course indicated that retention in the class was higher for students that attended the PLTL 
sections, and those who did not were likely to end up withdrawing from the course. The percentage 
of students earning D’s was 40% and PLTL reduced it to 15%.8  

Components of PLTL that have been recognized as contributory to its success include small group 
settings, active learning, and the formation of mentor/mentee relationships. PLTL has been proven 
to provide a greater sense of belonging for students that attend the workshops.11 It is believed that 
the creation of small learning communities between students affects them positively meaning they 
might have a higher chance of getting a grade of A, B, C, or D.10  Students are able to master the 
material when they have PLTL sections, it allows them to retain the information because they were 
actively engaged in solving the problem.12 Implementation of active learning through PLTL has 
improved retentions rates by 15%.13  
 
 
Peer-Led Team Learning in Statics 

The Construction Management and Civil Engineering Technology (CMCE) department offers 
associate degrees in Civil Engineering Technology and Construction Management Technology 
and a bachelor degree in Construction Engineering Technology. Every student enrolled in the 
department is required to take the design course sequence, Statics, Strength of Materials, Steel 
Design and Concrete Design.  Statics is the first course of this sequence and is identified as a 
gatekeeper course. Students must earn a minimum grade of a C to advance to the next course in 
the sequence. The statics course provides an introduction to the concepts of force, equilibrium, 
section properties, load pattern distribution and equilibrium. A students’ performance in statics is 
indicative of their success in the curriculum; without satisfactorily passing the course, it is unlikely 
the student will be retained in the major.  Poor grade distributions and low retention rates for first-
time, full-time, degree-seeking freshman in the department identified a need for re-evaluating the 
Statics course. PLTL, as an evidence-based proven practice, was the chosen method of intervention 
for Statics. 
 
 
Participants 
The participants for this study were taken from the Statics courses offered during the Spring 2009 
to Fall 2016 semesters. They were all first-year undergraduate students majoring in Construction 
Management and Civil Engineering Technology. The students were arranged into three distinct 
cohorts based on their involvement in PLTL: 1) No PLTL, 2) Non-mandatory PLTL, and 3) 
Mandatory PLTL. Using the earlier semesters as the comparison group for this study (Spring 2009-
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Fall 2010), a total of 397 was placed into Cohort I: No PLTL. The average enrollment for each 
semester was about 99 students. Soon after, PLTL workshops were introduced for the next five 
semesters (Spring 2011-Spring 2013), and it provided the students with an optional supplemental 
support for Statics. The Cohort 2: Non-mandatory PLTL group had 433 students, and there were 
approximately 87 students enrolled in the course per semester. For the following seven semesters 
(Fall 2013-Fall 2016), PLTL was made a mandatory component for the course. A total of 566 
students were in the Cohort 3: Mandatory PLTL group, and the average enrollment per semester 
was 81 students. The total number of participants for all three cohorts was 1396. Table 1 details 
the total number of participants by cohort and semester.  

Methodology  

For all three cohorts (No PLTL, Non-mandatory PLTL, and Mandatory PLTL), the final grade 
distribution for the Statics course were recorded and organized into five categories: 1) % pass D 
or better, 2) % pass C or better, 3) % did not pass (including withdraws, failures, and incomplete 
grades), 4) % Fail, and 5) % withdraw.  Descriptive statistics were used to summarize the data. 

Additionally, a one-way Analysis of Variance (ANOVA) was conducted to compare the means of 
the three cohorts in their pass rates, failure rates, and withdrawal rates. A Tukey t-test was used as 
a follow up if the analysis showed statistically significant mean differences. 

Results 

The means and standard deviations for the number of participants and the grade distributions were 
calculated for the three cohorts (see Figures 1-4).  Cohort 3: Mandatory PLTL showed higher 
means in % Pass D or Better (𝑋=78.9) and % Pass C or Better (𝑋=75.7) than Cohort 1: No PLTL 
(𝑋=66.7 and 𝑋=56.4, respectively) and Cohort 2: Non-mandatory PLTL (𝑋=60.5 and 𝑋=53.7, 
respectively). Moreover Cohort 3: Mandatory PLTL showed lower means in % Did Not Pass 
(𝑋=21.1) and %Withdrew rates (𝑋=12.5) than the two other cohorts.  In terms of % Fail, all three 
cohorts were at the 8.6-8.9 percent range.  Table 1 summarizes the results. 

 

 

Figure 1: % Pass D or Better in statics by PLTL 
participation 

 

Figure 2: % Pass C or Better in statics by PLTL 
participation 
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Figure 3: % Withdrew in statics by PLTL 
participation 

 

       Figure 4: % Fail in statics by PLTL participation 

 

Table 1: Mean and standard deviation of the number of participants and the grade distribution by cohort and 
semester 

 N 
(Total 

Enrollment) 

% Pass D 
or Better 

% Pass C 
or Better 

% Did Not Pass 
(Fail, Withdrew, 

Incomplete) 

% Fail % 
Withdrew 

Cohort 1: No PLTL 
Spring 2009 85 68.2 52.9 31.8 5.9 25.9 
Fall 2009 118 68.6 61 31.4 11.9 17.8 
Spring 2010 86 69.8 61.6 30.2 3.5 24.4 
Fall 2010 108 60.2 50 39.8 13 26 
Mean (SD) 99.3 (16.4) 66.7 (4.4) 56.4 (5.8) 33.3 (4.4) 8.6 (4.6) 23.5 (3.9) 
Cohort 2: Non-Mandatory PLTL 
Spring 2011 87 55.2 40.2 44.8 8 35.6 
Fall 2011 116 56.9 48.3 43.1 6.9 36.2 
Spring 2012 82 54.9 52.4 45.1 12.2 33 
Fall 2012 87 63.2 58.6 36.8 9.2 27.5 
Spring 2013 61 72.1 68.9 27.9 8.2 19.7 
Mean (SD) 86.6 (19.6) 60.5 (6.5) 53.7 (9.7) 39.5 (6.5) 8.9 (1.8) 30.4 (6.2) 
Cohort 3:  Mandatory PLTL 
Fall 2013 46 73.9 71.7 26.1 10.9 15.2 
Spring 2014 60 76.7 71.7 23.3 8.3 15 
Fall 2014 73 82.2 79.5 17.8 1.4 16.5 
Spring 2015 84 90.5 84.5 9.5 3.6 6 
Fall 2015 87 85.1 78.2 14.9 5.7 9.2 
Spring 2016 96 74 74 26 19.8 6.3 
Fall 2016 120 70 70 30 10.8 19.1 
Mean (SD) 80.9 (24.2) 78.9 (7.3) 75.7 (5.3) 21.1 (7.3) 8.6 (6.1) 12.5 (5.2) 
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The results from a one-way ANOVA test and followed up by a Tukey test, if needed, are 
summarized by the following grade distribution: % Pass D or Better, % Pass C or Better, % Did 
Not Pass (including withdraws, failures, and incomplete grades), % Fail, and % Withdraw.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

% Pass D or Better: Results from a one-way ANOVA showed statistically significant mean 
differences among the three groups in % Pass D or Better (F(2,13) = 11.641, p<.001). As a follow 
up, a Tukey test showed statistically significant mean differences between Cohort 1: No PLTL and 
Cohort 3: Mandatory PLTL (t = 2.262, p<.01) and between Cohort 2: Non-mandatory PLTL and 
Cohort 3: Mandatory PLTL (t = 2.262, p<0.001).  

% Pass C or Better: Results from a one-way ANOVA showed statistically significant mean 
differences among the three groups in % Pass C or Better (F(2,13) = 15.180, p<.001). A Tukey 
test showed statistically significance mean difference between Cohort 1: No PLTL and Cohort 3: 
Mandatory PLTL (t = 2.450, p<0.001) and between Cohort 2: Non-mandatory PLTL and Cohort 
3: Mandatory PLTL (t = 2.570, p<0.01). 

% Withdraw: Results from a one-way ANOVA showed statistically significant mean differences 
among the three groups in the withdraw grades (F(2,13) = 15.850, p<.001) groups. A Tukey test 
showed statistically significance mean difference between Cohort 1: No PLTL and Cohort 3: 
Mandatory PLTL (t = 2.310, p<.01) and between Cohort 2: Non-mandatory PLTL and Cohort 3: 
Mandatory PLTL (t = 2.364, p<0.001). 

% Fail: There were no statistically significant mean differences in the failure grades (F(2,13) = 
0.010, p = 0.993) among the three groups.  

Conclusion 

Having academic support systems in place to support first-year students majoring in Construction 
Management and Civil Engineering Technology may help to increase the retention rates in 
foundational courses such as Statics. Many of these students are adjusting to college life, and they 
may not have the background skills necessary to succeed in their prerequisite courses. An 
intervention such as PLTL where students can have meaningful discussions facilitated by their 
own peers, may help students process the content knowledge in a more meaningful and deeper 
way. This study has shown students who participate in PLTL workshops tend to have higher pass 
rates and lower withdrawal rates. These positive results are consistent in past studies that use the 
PLTL instructional model in other STEM courses.14 If higher education institutions want to attract, 
retain, and graduate more students in the Construction Management and Civil Engineering 
Technology, PLTL may be an effective intervention that will support first-year students.  
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