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Abstract
Access to educational programs in Con-

struction Management Technology can be lim-
ited by the high cost of textbooks, software, 
and other proprietary materials. The use of 
Open Education Resources (OER), which are 
materials that have low or no cost for aca-
demic use, can help address the issue of access. 
Construction Management Technology courses 
can realize this benefit relatively easily, as 
the needed resources may often be accessed 
or created based on materials available from 
public agencies at all levels of government. 
There are several goals other than reduced 
cost that should be addressed by OER use in 
Construction Management Technology. These 
include (1) meeting required student learning 
outcomes, (2) improving student attitudes re-
garding educational access, and (3) fostering 
adaptation of the material to enhance student 
learning and provide current information. 
Having previously established a framework 
for evaluating the effectiveness of implement-
ing OER in a Construction Management Tech-
nology course, the current work reports on 
the performance of OER use in an estimating 
course. Two sections of the course being offered 
in the Fall 2019 semester are evaluated herein 
based on cost of materials and achievement of 
the three goals outlined. These are compared 
to a non-OER section of the course also being 
offered in Fall 2019, as well as performance in 
offerings of the same estimating course before 
OER implementation.

required to purchase textbooks, equipment, and 
software for these courses at great expense. The 
author has previously considered (Shenoda 2019) 
the high level of expenses for engineering and 
technology, in general, and construction manage-
ment, in particular, and the high rate of increase 
in the cost of these over time through a number of 
sources. These included costs of over $300 for in-
dividual textbooks (Institute 2015) and over $1200 
a year (Career 2019), and a rate of increase of three 
times the overall rate of inflation, since 1970 (Who 
2014). Negative consequences of these were also 
outlined, including direct consequences like avoid-
ance of textbook purchases (Stein et al. 2017) or 
avoidance of necessary courses with high textbook 
costs (Donaldson and Shen 2016), and poor course 
performance (McKenzie 2017). Extended conse-
quences, like delays in student graduation, increas-
es in student attrition, and avoidance of “high-cost” 
majors, like engineering and technology, (Donald-
son and Shen 2017) were also considered. 

These costs and consequences led to, as also 
previously considered, measures intended to miti-
gate or avoid them. These included more illicit or 
undesirable measures, like textbook sharing (McK-
enzie 2017), illegal downloading and/or copying of 
materials (Stein et al. 2017), and use of unsuitable 
alternative materials (Donaldson and Shen 2016). 
However, a number of more carefully considered 
and/or market-based measures were also laid out, 
such as used textbooks (Chaker 2016), finan-
cial aid for textbooks purchases (Beal and Tarter 
2013), increased library lending (Gibbs and Bow-
doin 2014), textbook rentals (Benson-Amer and 
Wise 2014), e-textbooks (Miller, Nutting, and Bak-
er-Eveleth 2013), and “lean” or custom textbooks 
(Institute 2015).

A more novel and recently explored measure to 
alleviate textbook expenses in courses is the use of 
Open Educational Resources, or OER, which UNES-
CO defines as “teaching, learning and research ma-
terials in any medium–digital or otherwise–that 
reside in the public domain or have been released 
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1. Background
Construction management involves the study of 

courses in areas of practice such as plan reading 
and production, cost estimating, safety, schedul-
ing, and project management. Students are often 
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under an open license that permits no-cost access, 
use, adaptation and redistribution by others with 
no or limited restrictions” (2019). It was previous-
ly considered by the author (Shenoda 2019) that 
OER efforts to date have been focused toward the 
general sciences, social sciences, mathematics, and 
liberal arts. This has led to a wide availability of 
OER repositories like the OER Center for California 
(n.d.), California State University (2020), Washing-
ton State University (n.d.), OpenStax (2020), and 
SUNY OER (n.d.). However, many of the resources 
are in these are course planning materials like les-
son plans, assignments, syllabi, or lectures rather 
than textbook-like references. 

The dearth of OER for engineering and technol-
ogy, particularly with regard to textbooks, was con-
sidered, as well. Despite the combination of high 
textbook costs in these fields and limited avail-
ability, only a few repositories, like Massachusetts 
Institute of Technology’s MIT Open CourseWare 
repository (2020) and a repository at New Jersey 
Institute of Technology (2020) contain any OER. 
Almost no examples for construction management 
were found to exist. This led to a proposal by the 
author of the use of resources from governmental 
agencies as OER materials in 
construction management 
courses. Agencies examined 
for potential OER included 
the General Services Admin-
istration (n.d.), U.S. Army 
Corps of Engineers (n.d.), 
and U.S. Government Ac-
countability Office (n.d.).

On the basis of availabil-
ity of high-quality open ac-
cess materials for the course 
and impact to cost of current 
course materials, the au-
thor chose a cost estimating 
course, CON 357–Quantity 
Surveying and Costing, for 
OER implementation. The 
typical cost for materials for 
the course are shown in Ta-
ble 1. These were tabulated 
with the understanding that 
there is some variety in the 
quality and cost of available 
materials (although this is 
somewhat limited in the area 
of cost estimating relative to 
other construction manage-
ment topics). These were 
also considered in the con-

text of changing materials and cost through histori-
cal offerings of the course.

A comprehensive review of materials available 
on an OER basis was also considered for the course 
(Shenoda 2019). Availability, quality, and cost were 
all qualities of the materials considered for the tab-
ulation of OER made in Table 2. Despite not being 
to completely eliminate expenses for the course 
with the selected set of materials, a significant re-
duction in cost of over 85% from the typical cost 
from Table 1 was achieved. This cost could poten-
tially be reduced further or eliminated based on 
further developments in cost estimating literature.

With the materials selected for the course, 
an evaluation framework was developed for the 
course. The framework was developed to be ap-
plicable to any construction management course 
and contains both a quantitative and a qualitative 
aspect. The quantitative aspect is meant to evalu-
ate objective measures of course performance, and 
the qualitative aspect is meant to evaluate more 
subjective measures (i.e., attitudes) regarding OER 
among the students taking the course. This frame-
work will be discussed in later sections, as the re-
sults from the evaluation are presented.

Resource Cost

Textbook
     Construction Estimating Using Excel, 3rd Edition
     by Steven Peterson $164.48 (Cost 2020)

Software (for electronic quantity takeoffs)
      Bluebeam Revu eXtreme 2018 Academic $99.00 (Bluebeam 2020)

Cost data reference
      RS Means Online Cost Data Student Package $45.00 (Gordian 2020)

TOTAL $308.48

Resource Cost

Textbook
      U.S. Marine Corps MCRP 3-40D.12: Construction 

Estimating (2010) $0.00

Software (for electronic quantity takeoffs)
     Smithsonian Institution Construction Cost  
     Estimating Form (2014)

$0.00

Cost data reference
      RS Means Online Cost Data Student Package $45.00

Non-OER total (from Table 2) $308.48

Cost reduction - 85.4%

Table 1. Typical course material costs for CON 357–Quantity Surveying and Costing.

Table 2. OER course material costs for CON 357–Quantity Surveying and Costing.
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The qualitative evaluation of the course was 
conducted at least once per year from the 2013-
2014 academic year to the 2018-2019 academic 
year. The course was then taught and evaluated in 
three sections during the Fall 2019 semester. Two 
of the sections were offered using OER, and the 
results for these are presented as one combined 
set of performance measures for both sections. 
One section of the course was taught using the tra-
ditional materials and is presented as a “control.” 
(It is understood that the results of the qualitative 
evaluation should be considered unscientific, due 
to the inability of the author to properly control 
for variations in such characteristics as institution, 
time aspects of the classes, continuous improve-
ment measures over successive offerings, etc.). The 
qualitative evaluation was conducted for only the 
OER sections of the Fall 2019 semester. The results 
are presented to convey a general sense of student 
attitudes regarding OER within the course, rather 

than for a comparative perspective to those who 
had not been in OER sections of the course.

2. Quantitative Evaluation
The quantitative evaluation for OER application 

is based on four course objectives, for the Quantity 
Surveying and Costing course, which are outlined 
in Table 3. The course objectives are mapped to 
student outcomes for Construction Engineering 
Technology programs as put forth by ABET for the 
2018-2019 evaluation cycle (2018) in Table 3, as 
well. It is understood that minor changes to ABET 
student outcomes were made in years prior to 
2018, and that a significant change to the student 
outcomes for the 2019-2020 cycle, affecting the 
Fall 2019 semester offering. (The main change was 
a collapsing of outcomes from (a) through (i) to a 
set of 5 outcomes). The change in outcomes did 
not affect course objectives but only the mapping 
of the outcomes. Since the principles of student 

ABET program outcomes

a b c d e f g h i

1. explain the estimation process for 
construction projects, including bid 
preparation, project progress, and 
closeout

X

2. carry out estimation procedures for 
the various aspects of a construction 
project

X X X

3. utilize computer methods, including 
Excel, to carry out estimation. X X X

4. prepare a complete bid submission 
for a typical construction project X X X X

ABET program outcomes
    (a)  utilize techniques that are appropriate to administer and evaluate construction contracts,  

 documents, and codes;
   (b) estimate costs, estimate quantities, and evaluate materials for construction projects;
    (c)  utilize measuring methods, hardware, and software that are appropriate for field, laboratory, and 

office processes related to construction;
    (d)  apply fundamental computational methods and elementary analytical techniques in sub-disci-

plines related to construction engineering.

In addition, graduates of baccalaureate degree programs will, to the extent required to meet the  
Program Educational Objectives:
   (e)  produce and utilize design, construction, and operations documents;
    (f)    perform economic analyses and cost estimates related to design, construction, and maintenance 

of systems associated with construction engineering;
   (g)  select appropriate construction materials and practices;
   (h)  apply appropriate principles of construction management, law, and ethics, and;
     (i)    perform standard analysis and design in at least one sub-discipline related to construction  

engineering.

Table 3. Course objectives for CON 357 mapped to ABET program outcomes.
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achievement are generally preserved from one set 
of outcomes to the other, and in the interest of 
consistency in evaluation across the course offer-
ings, the evaluation will be based on the mapping 
to the 2018-2019 cycle presented in Table 3.

Figure 1 presents the average performance of 
students in CON 357 for each of the four course 
objectives. The offerings from 2013 through 2018 
were made without any consideration for the use 
of OER, using only traditional materials. There is 
some minor variation in performance from year to 
year for these offerings. It was mentioned in the 
“Background” section that several variables, which 
are difficult to control, may have led to these varia-
tions. Among them are class size, institution, and 
timing aspects (e.g., day vs. night, one long weekly 
session vs. two shorter sessions per week, etc.). An-
other consideration is continuous quality improve-
ment (CQI) implemented in the course, including 
sequencing of topics, lesson plans, assessment 
tools (exams, exercises, and projects), and general 
teaching techniques. Despite these differences and 
the variations arising from them, there is a general 
consistency to be seen for each objective, as well as 
at least adequate performance across all objectives.

With this in mind, the goal of OER implementa-
tion for student performance, at least at the outset, 
is not to exceed previous levels, but to reasonably 
match them. This should demonstrate that there is 
not a degradation in student achievement arising 
from the use of non-traditional materials. It is evi-
dent from the performance tracking seen in Figure 
1 that this goal has been achieved. 

The results for the Fall 2019 non-OER offering 
are somewhat lower than those for the OER of-
ferings and for previous offerings of the CON 357 

course. This may be due to a focus by the author 
on implementing the OER offerings and preparing 
the materials for those offerings. The largest drop-
off in performance seems to be for Objective 1. 
This may be so because most of the work towards 
Objective 1 in the course is done towards the be-
ginning of the course. An adjustment to allow the 
OER and the non-OER pace to come together over 
the length of the semester may be a factor. 

Another factor that could explain the drop-off 
in Objective 1 could be the difference in its nature 
relative to the others. Objective 1 is a concept-
based objective, whose results (explanation) must 
be evaluated subjectively. Objectives 2 and 3 are 
method-based, and their results (calculations) can 
be evaluated more objectively. Objective 4 is a com-
bination, or synthesis-based, objective, which may 
be best related to real-world work tasks and/or 
products. Objectives 2 and 3 may be the easiest to 
transfer and evaluate in Construction Management 
courses, both traditionally and using OER. Con-
cept-based objectives, like Objective 1, are more 
difficult to achieve and may require more extensive 
review of the OER materials to properly convey to 
students.

The relatively high achievement of Objectives 
2 and 3 is notable, though, for the OER offerings. 
This achievement may be based on two factors: 
(1) the focus of the selected OER materials on es-
timation methods and (2) the focus of the author 
on conveying the method in the course. As a tech-
nology-based course, these objectives may be con-
sidered to be vital and easier to grasp, both in the 
context of the course itself and that of the curricu-
lum as a whole. Nevertheless, the concept-based 
(Objective 1) and the synthesis-based (Objective 4) 

Figure 1. Tracking of student performance in course objectives for estimating course (CON 357).
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objectives are both (1) at acceptable levels (e.g., for 
CQI considerations) and (2) addressable through 
CQI considerations of the OER materials. 

3. Qualitative Evaluation
The author had previously considered the im-

portance of evaluating the qualitative, as well as 
the quantitative, aspects of the course. The drastic 
nature of the shifting of materials and a possible 
perception of degradation in course quality with 
a shift to “free” materials were cited. Two major 
resources for qualitative OER 
evaluation were considered: (1) 
Lumen Learning’s “Annual OER 
Report Card” (2017) and (2) 
the Open Textbook Network’s 
Guidebook to Research on Open 
Educational Resources Adoption 
(n.d.). The Guidebook provided 
a number of evaluation areas on 
the basis of, not only cost and 
student/faculty use, but percep-
tions of OER (mainly focused on 
student perception). It also pro-
vided a menu of survey questions 
that could directly be provided 
to students to evaluate these ar-
eas. Thus, the Guidebook was 
selected as the primary source 
of questions used to evaluate the 
“attitudes” of students regarding 
OER implementation in the CON 
357 course. The survey questions 
used are outlined in Table 4. 

The survey was available to 
all students in both sections of 
the CON 357 course in which 

OER was implemented. There was a total of 66 stu-
dents enrolled in both sections, with 50 students 
responding to the survey, for a response rate of ap-
proximately 76%. This relatively high response rate 
should allow the responses to be representative of 
the “attitudes” of the students in the sections with 
OER implementation.

The responses to Questions 1 through 3 are pre-
sented in Figures 2 through 4. These three ques-
tions were intended to surmise the general nature 
of the use of textbooks in the course. They may 

Q# Question

1 In general, how often do you purchase the required texts for the courses you take?

2 How much do you typically spend on texts each semester?

3 For a typical course, how often do you use the required texts?

4 Did you purchase any texts for this course?

5 How much did you spend on texts for this course? (If yes to Q#5)

6 Why did you not purchase the texts for this course? (select all that apply) (If no to Q#5)

7 How often did you use the texts for this course during the semester?

8 How would you rate the quality of the texts used for this course?

9 Imagine a future course you are required to take. If two different sections of this course were offered by the 
same instructor during equally desirable time slots, but one section used texts similar to those used in this 
course and the other used traditional published texts, which section would you prefer to enroll in?

Table 4. Survey questions for evaluation of impacts of OER implementation.

In general, how often do you purchase the required texts for the courses you 
take?
Answered: 50     Skipped: 0

Never

Rarely

About half 
the time

Often

Always

    0%      10%       20%       30%      40%       50%       60%       70%         80%        90%      100%

�  Never

�  Rarely

�  About half the time

�  Often

�  Always

 TOTAL

2.0 0%

26.0 0%

34.0 0%

24.0 0% 

14.0 0%

1

13

17

12

7

50

ANSWER CHOICES                    �  RESPONSES                                                    �

Figure 2. Responses to Question 1 for qualitative survey of OER sections of 
CON 357.
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be considered to be indicative of 
students in Construction Man-
agement and/or Architectural 
Engineering Technology curri-
cula, as the CON 357 course is 
required in those curricula, and 
all of the students in both those 
sections majored in those curri-
cula.

The responses to Questions 1 
through 3 demonstrate student 
demand, based on desire and/
or need, for the textbooks in 
courses in the curriculum. The 
spending level is consistent with 
the references cited in the “Back-
ground” section for a majority of 
the students. The potential for 
benefit from OER implementa-
tion in the course is evident in 
these responses.

The responses to Questions 4 
through 7 are presented in Fig-
ures 5 through 8. These three 
questions were intended to sur-
mise the particular nature of stu-
dent textbook choices and use 
for the CON 357 course with 
OER implementation. The re-
sponses would be indicative of 
the need and spending of stu-
dent purchases of textbooks in 
the course. 

 The responses to Questions 
4 through 7 demonstrate the re-
duced necessity students felt to 
purchase or use textbooks for the 
sections of the course with OER 
implementation. These respons-
es might be self-evident in that 
the instructor would not require 
texts, generally, in OER courses. 
However, if the OER materials 
are not selected or implemented 
properly, students may not feel 
that they are sufficient to address 
the knowledge that they feel 
should be provided in the course. 
They would thus “self-select” ma-
terials that would replace or sup-
plement the OER materials. This 
generally did not occur in this 
implementation, allowing the fi-
nancial benefits of the implemen-
tation to be more fully realized.

Figure 3. Responses to Question 2 for qualitative survey of OER sections of 
CON 357.

Figure 4. Responses to Question 3 for qualitative survey of OER sections of 
CON 357.

How much do you typically spend on texts each semester?

Answered: 50     Skipped: 0

Less than $100

$101 - $200

$201 - $300

$301 - $400

$401 - $500

More than $500

    0%      10%       20%       30%      40%       50%       60%       70%         80%        90%      100%

�  Less than $100

�  $101 - $200

�  $201 - $300

�  $301 - $400

�  $401 - $500

 � More than $500

TOTAL

10.0 0%

28.0 0%

36.0 0%

16.0 0% 

6.0 0%

4.0 0%

6

14

18

8

3

2

50

ANSWER CHOICES                    �  RESPONSES                                                    �

For a typical course, how often do you use the required texts?
Answered: 50     Skipped: 0

Never

2-3 Times a 
Semester

2-3 Times a 
Month

2-3 Times a 
Week

Daily

    0%      10%       20%       30%      40%       50%       60%       70%         80%        90%      100%

�  Never

�  2-3 Times a Semester

�  2-3 Times a Month

�  2-3 Times a Week

�  Daily

 TOTAL

12.0 0%

32.0 0%

32.0 0%

16.0 0% 

8.0 0%

6

16

16

8

4

50

ANSWER CHOICES                    �  RESPONSES                                                    �
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The responses to Questions 8 and 9 are pre-
sented in Figures 9 and 10. These two ques-
tions may be considered to surmise the overall 
attitudes of the students about OER implemen-
tation in the CON 357 course. 
Coming after the previous ques-
tions, and not before or in the 
absence of those questions, they 
should have given the students 
the opportunity to consider the 
purpose of the OER implemen-
tation in both reducing the cost 
of taking the course and preserv-
ing the quality of the course ma-
terials. 

The responses to Questions 8 
and 9 demonstrate the effective-
ness of the OER implementation 
from an “attitudinal” standpoint. 
Students felt, as a vast majority, 
that the OER materials matched 
or exceeded the quality of the 
traditional materials as used in 
the CON 357 course. Students, 
through their responses to Ques-
tion 9, also indicated that OER 
implementation could mitigate 
course avoidance on the basis of 
textbook costs. 

4. Conclusions and Further 
Considerations

In setting up the frame-
work for OER implementation, 
achievement of two main goals 
of the implementation intended 
to be discovered by the evalua-
tion: (1) improvement of access 
to course materials through cost 
reduction and (2) maintenance 
of course quality. The implemen-
tation appeared to achieve these 
goals, based on the evaluation. 

As far as improvement of ac-
cess to course materials, stu-
dents indicated various levels of 
spending through Question 5 of 
the qualitative survey. However, 
these were clearly greatly re-
duced from the original intend-
ed level of spending outlined in 
Table 1. Assuming that students, 
on average, ended up spending 
at the level indicated in Table 2, 
the 66 students in the two OER 

sections of CON 357 should have saved a total of 
approximately $17,390 in textbook costs. 

In terms of maintenance of course quality, the 
quantitative evaluation is the clearest expression 

How much did you spend on texts for this course? (If yes to Q#5)
Answered: 31     Skipped: 19

Less than $20

$21 - $40

$41 - $60

$61 - $80

$81 - $100

$101 - $120 

$121 - $140 

More than $140

    0%      10%       20%       30%      40%       50%       60%       70%         80%        90%      100%

�  Less than $20

�  $21 - $40

�  $41 - $60

�  $61 - $80

�  $81 - $100

 � $101 - $120

� $121 - $140

� More than $140

TOTAL

74.19%

6.45%

12.90%

0.0 0% 

0.0 0%

3.23%

00.0%

3.23%

23

2

4

0

0

1

0

1

31

ANSWER CHOICES                    �  RESPONSES                                                    �

Figure 5. Responses to Question 4 for qualitative survey of OER sections of 
CON 357.

Figure 6. Responses to Question 5 for qualitative survey of OER sections of 
CON 357.

Did you purchase any texts for this course?

Answered: 50     Skipped: 0

Yes

No

    0%      10%       20%       30%      40%       50%       60%       70%         80%        90%      100%

�  Yes

�  No

 TOTAL

14.0 0%

86.0 0%

7

43

50

ANSWER CHOICES                    �  RESPONSES                                                    �
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of achievement. Students were able to maintain, 
or even exceed, performance for the course objec-
tives in the OER sections of CON 357. Just as im-
portantly, per the qualitative evaluation, students 
used the OER materials in a manner consistent 
with traditional materials, and they perceived the 
course quality to be as good or better than with 
traditional materials

A larger goal of this implementation is to assess 
the viability of implementing, and evaluating, OER 
implementation in other construction management 
courses. Instructors and administrators, in particu-
lar, will be concerned with maintenance of course 

quality (certainly, for instance, for the purpose 
of ABET program evaluation). Consistency of the 
achievement of course quality though both quali-
tative and quantitative measures in this evaluation 
speaks to the confidence that may be attained in 
using a framework based on ABET-mapped course 
objectives to see that course quality is maintained. 
The relationship of the results of the qualitative 
evaluation to previous research into the effects of 
high textbook prices is also reassuring. The results 
of the evaluation herein suggest that, not only can 
OER implementation be effective in other construc-
tion management courses, but that the framework 

presented previously by the 
author (Shenoda 2019) and 
used herein can be used to 
evaluate other construction 
management courses. Such 
implementations, and the 
evaluations of them, within 
our institution will be a sub-
ject of future consideration.

The author has also 
previously posited the im-
provements to performance 
within an individual course 
should be considered as a 
long-term goal of OER im-
plementation. Three means 
of doing this after OER im-
plementation were consid-
ered:

1. Standard CQI im-
provements, as out-
lined in the “Back-
ground” section

2.  CQI-type improve-
ments in direct 
response to OER 
implementation (e.g., 
changing lesson plans 
or assessment tools to 
better align to open-
source materials)

3.  Changes to the OER 
materials themselves

Some improvements were 
already seen in the first 
OER offering of CON 357, 
as the author was aware of 
the importance of convey-
ing methods in the course 
and focused on these in the 
preparation and selection 

Figure 7. Responses to Question 6 for qualitative survey of OER sections of CON 
357.

Why did you not purchase the texts for this course? (select all that apply) (If no 
to Q#5)

Answered: 46     Skipped: 4

Texts were not 
required for…

The texts were not 
available…

The texts were  
available free…

I simply didn't want to  
purchase…   

I borrowed someone 
else's…

I used library copies

I heard the instructor 
doesn't use…

I couldn't afford to…

The texts were 
sold out

I rented the texts

Other reasons

    0%      10%       20%       30%      40%       50%       60%       70%         80%        90%      100%

�  Texts were not required for this course

�  The texts were not available for purchase

�  The texts were available free of charge online

�  I simply didn't want to purchase texts for this course

�  I borrowed someone else's text

 � I used library copies

� I heard the instructor doesn't use texts for this course

� I couldn't afford to purchase the texts

� The texts were sold out

� I rented the texts

� Other reasons

TOTAL Respondents: 46

78.26%

8.70%

26.09%

6.52% 

2.17%

6.52%

4.35%

2.17%

00.0%

00.0%

13.04%

36

4

12

3

1

3

2

1

0

0

6

ANSWER CHOICES                    �  RESPONSES                                                    �
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of OER materials. This seemed 
to lead to an increase in per-
formance in the method-based 
objectives for the course. How-
ever, OER Commons states the 
use of OER is “about participa-
tion and co-creation” (ISKME 
2020). The evaluation herein, 
assessment tools, institutional 
student evaluations, and other 
tools, are thus being used to 
adapt the OER materials. OER 
materials, while starting with 
widely available sources, should 
evolve to be unique to each 
course, each instructor, and 
each student body. Therefore, 
the evolution of OER materials 
within the same construction 
management course, and the 
resulting effects, are a subject 
for future consideration as well.
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