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Assessment Tools as Predictors of Changing Pre-Engineering Skills 
 
Abstract 
 
This article was motivated by a need to understand the academic strengths and weaknesses of 
engineering students entering first-year. The underlying impetus was the improvement of the 
educational process. At our institution, and perhaps in general, there is an anecdotal hypothesis 
that the mathematical skills, or more generally, the academic strengths of first-year engineering 
students have been significantly declining in the last two decades. To address this hypothesis, a 
longitudinal study of pre-engineering indicators for first year engineering students in a Canadian 
university transfer program was initiated almost a decade ago through the use of two assessment 
exams and by collection and consolidation of high school achievement data. It is not unusual to 
use these academic indicators as a measure of skill level. To this end, two assessment tools 
(Math Advisory and Engineering Assessment) were used to generate data with which to test this 
hypothesis. Simple statistical analyses and temporal trend plots were used to examine the data.   
 
The results of the data analysis gave rise to some interesting observations. The Math Advisory 
exam mean scores for engineering students considered in this study were consistently between 
50-55% during the period considered, with little variation from year to year. The same trend was 
observed for the Engineering Assessment mean scores (Force Concept Inventory). In both cases, 
the changes in the mean scores over time were analyzed using a t-test, and the analysis indicated 
that the changes in the mean scores were not statistically significant. Overall high school 
achievement of these students entering first-year also showed little variation during this same 
time period. Comparison of the assessment exam mean scores to high school achievement data 
showed that performance on assessment exams was much poorer than high school achievement 
might have predicted. There was ~30% reduction in performance when the assessment indicators 
were compared to high school achievement.  
 
As a result of the overall poor performance on the assessment exams (50-55%), as well as 
inconsistency between results on the Math Advisory exam and high school achievement in math, 
the engineering program has regularly implemented weekly math and engineering tutorial 
sessions to supplement the course curricula. However, at this stage the success of these initiatives 
has not been verified. Although the data at first glance (10.89 compared to 10.6 for Math 
Advisory exam) might indicate a decline in the performance of engineering students on the math 
assessment exam, the data does not support the anecdotal hypothesis nor the quantitative 
evidence of markedly declining math skills in first-year engineering students at our institution, at 
least during the time period considered. 
 
Assessment tools are often used in a predictive way to gauge the overall skills of engineering 
students. They are also useful in setting engineering program directives. It is clear from this 
article that the academic averages obtained in high school, may not necessarily reflect the skill 
level of the students entering first-year, especially in mathematics.  A further analysis of these 
assessment results in light of first-year academic achievement might reveal further information 
regarding the success or lack thereof in delivering the first year curriculum. 
 
 

P
age 23.323.2



 

Introduction 
 
The purpose of this research was to examine trends in academic indicators for first-year 
engineering students entering an engineering transfer program at a Canadian university. Three 
academic indicators were used: mean scores from two assessment exams and mean averages 
from high school admissions data. These indicators were examined over a ten year period to 
determine whether or not there was a statistically significant change.* Specifically, the original 
intent was to confirm evidence provided in the literature regarding the declining math and 
science literacy of engineering students entering universities, since quantitative studies in the UK 
and US had supported this hypothesis. Davis et al.1 cited reports affirming the extent of the 
“mathematics problem” in the UK, while several other authors alluded to the similar issues in the 
US.2-7 

 
In this study, mathematical skills for the period 2000-2011 were tested using a 20-question, 
multiple-choice, pre-calculus Math Advisory exam, administered to first-year engineering 
students (without calculators) prior to entering first-year. Engineering skills were evaluated 
during the period 2007- 2011 using the Force Concept Inventory (FCI) Exam, which is a 30-
question, multiple-choice exam8. This research seeks to address the anecdotal hypothesis that the 
pre-engineering skills of engineering students at our institution are significantly declining. 
  
As a result of the exploration of this hypothesis, additional observations were made during the 
analysis of the data and as a result of the literature review. It became evident from a review of 
methods of assessment of pre-engineering skills, that other institutions in the US use the Force 
Concept Inventory to assess first year engineering students, in both a pre- and post-test fashion. 
The results obtained in this study were compared to those results. In addition, it seemed natural 
to compare all of the assessment results to the overall high school admissions averages of the 
students to see if the results on these two assessment exams were reflective of the of their high 
school grades. A comparison of the FCI results from other institutions in the U.S. confirmed that 
the performance of the students in this study on the Force Concept Inventory exam was quite 
similar to that of their US counterparts. 
 
Background 
 
There is substantial literature on the use of assessment tools and analysis of the data generated 
from these types of assessment, particularly as it applies to engineering education. In the context 
of this paper, math assessment/placement exams and concept inventories are considered to be 
indicators of skill and/or aptitudes, whether they be chemistry, physics or mathematics. Hake9 

has provided a survey of much of the research that has been done using the Force Concept 
Inventory up until 1998. This research has used FCI as an engineering assessment tool. 
 
Many researchers have conducted longitudinal studies of undergraduate engineering students in 
an attempt to understand how to provide the best possible engineering education. Web pages 
have been devoted to the distribution of physics/engineering assessment exams10 (used to 
examine students’ understanding of basic force and mechanics concepts), while surveying the 
results of these assessment exams to glean some new facet of information that might address the 
                                                 
* Data for the engineering assessment exam was only available for 2007-2011. 
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gap that exists between the students’ readiness to succeed in engineering and the fulfillment of 
the expectations of earning an engineering degree. However, the literature survey done in this 
study did not reveal specific data, which gave quantitative evidence supporting declining skills in 
mathematics.  
 
Other educators have demonstrated the need for “understanding our students”. Bernold et al.11 
have written a comprehensive summary about success and failure in engineering and the factors 
that contribute to it. The conclusion that they reached is that engineering educators need to take a 
“learner-centered” approach to engineering education, where they must pay “careful attention to 
the knowledge, skills, attitudes, and beliefs that the learners bring to the educational setting”.  
Clearly, we must understand if and how the pre-engineering skills are changing and perhaps try 
to quantitatively identify some of the key indicators that affect success and failure, to address the 
educational needs of the students.  
 
A consistent theme in the literature is the “mathematics problem” which has been identified by 
numerous researchers in the US and UK. Adamcyk et al.2 acknowledged, as late as 2002, the 
“anecdotal nature” of evidence of math deficiencies in engineering students in the US, and at that 
time undertook a study to assess the math proficiency of students at Grand Valley State 
University in Michigan. They observed that students lacked problem solving proficiency. The 
paper also indicated that algebra is the domain of K-12 schools (presumably in the US), while 
calculus is the domain of higher education institutions. This is not the case for the engineering 
students considered in our study, who have both algebra and calculus when they are admitted to 
first-year. 
 
The literature review provided by Moses et al7, in their study of math readiness, confirmed the 
importance of entering math skill on retention in engineering. Furthermore, their study indicated 
that students who took advanced math courses in high school were more likely to be successful 
in college. Although their study did not speak to the issue of math deficiencies per se, they did 
find that calculus readiness and high school GPA were predictive of retention. Assessment 
instruments (tools) were used in their research to provide data for analysis to examine hypotheses 
for retention in a first-year engineering program. 
 
The “lack of preparation of students”, in general, is another common theme in the literature of 
research done in engineering education, and the literature indicates that this problem is quite 
widespread. In particular, McFate and Olmstead12 have identified this issue in Chemistry courses 
at California State University. They indicated success rates in Chemistry at their institution may 
be only 65-70% in first year courses. Their article proposes remediation and preparatory 
instruction and the use of placement tests. Their article cited research that established a 
correlation between mathematics aptitude and success in general chemistry. This information is 
quite pertinent to engineering education at our institution, since first-year chemistry is a part of 
the first-year engineering curriculum. The “mathematics problem” identified earlier might be 
considered to be a subset of the more general lack of preparation or readiness of students. 
 
To date in the literature there are many studies that have been done to identify the “formula” for 
“successfully” educating engineering students. Due to the complexity of factors that influence 
success and retention in engineering, no definitive answer for success has been identified. 
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Furthermore, there does not appear to be any literature devoted to a comparison of academic 
success in engineering and success as an engineer after graduation. 
 
The most comprehensive analysis obtained from the literature review is presented by Veenstra et 
al.13 Predictors of academic success for engineering students included: high school GPA or rank 
and SAT math and/or math and chemistry placement exams. 
 
It seems that a natural extension to the role of an engineering educator is to seek understanding 
of the educational process through the analysis of data.  It is this desire for understanding, from 
an engineering program perspective, that this research was done: to gain a better understanding 
of the skills that engineering students possess upon entering the engineering program. There are 
several initiatives that seek to use results of this type to improve first year instruction, and 
thereby decrease attrition from science based courses. It is the continued quest for this 
knowledge that has motivated this article. This initiative speaks to many of the concerns that 
have been addressed in and summarized in the background provided in this section. 
 
Data 
 
The data for this study was collected through the engineering program at Grant MacEwan 
University which is a small university in Edmonton, Alberta, Canada. Throughout the course of 
the study, the sample of students varied from 112 to 163 as the program expanded during that 
time period. It should be noted that not all of the students that were admitted to the program 
participated in the study due to the way in which the assessment exams were administered. Our 
program currently has an admission quota of 216. There was tremendous change in the program 
throughout this study as a result of this growth. A huge variability in instruction occurred but 
more importantly it was anticipated that increasing enrolment, while drawing from the same 
admissions pool, might affect the quality of the students entering the program. The admission 
requirements† were not changed during this time, however, it was expected that the expansion 
would result in taking more students with lower high school achievement.‡ Since high school 
achievement is predictive of success in engineering, this was deemed to be problematic from 
both the program and student perspective. The data presented later will show that this situation 
did not occur. The demand for engineering mitigated this potential problem. 
 
The data for the first year engineering students considered in this study are presented in Table 1 
for the Math Advisory exam and Table 2 for the Engineering Assessment exam (Force Concept 
Inventory FCI) for the years indicated. In each case, the number of students, the mean score and 
% score of the students on the assessment exams for each year are presented. The visual 
representation of these two data sets is presented in Figure 1.  
 

                                                 
† Students admitted to engineering must have Math 30-1, Math 31, Physics 30, Chemistry 30, and English 30-1 
‡ The cutoff average at our institution is 75%. 
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Table 2 – Mean Scores for First Year Engineering Students in Engineering Assessment 
Exams 

Year 
 

Number of Students Mean /30 % Score  

2007 117 14.36 48 

2008 140 15.19 51 

2009 198 13.81 46 

2010 190 14.44 48 

2011 162 15.70 52 

 
The results in Figure 1 demonstrate visually that there is not a large temporal variability in the 
mean scores for these two exams. Although the mean score for the Math Advisory exam in 2011 
is smaller than the mean score in 2000, there is not an obvious decline in the data. There is 
somewhat more variation in the mean Math Advisory scores, than the high school averages, 
which are almost constant at ~80%. A student t-test was used to examine the data in a more 
rigorous fashion. 
 
To test the hypothesis that the average on the Math Advisory exam did not decline between 2000 
and 2011, the following hypotheses were tested at a significance level of 0.05: 
 



2011 2000  : null hypothesis 

H1: 2011 2000  alternative hypothesis 

where  represents the mean of the sample at a given time. 

Table 1 –Mean Scores for First Year Engineering Students in Math Advisory Exams 

Year Number of Students Mean /20 % Score 

2000 112 10.89 54 

2001 110 10.98 55 

2002 109 10.07 50 

2003 115 10.79 54 

2004 109 10.48 52 

2005 116 11.16 56 

2006 115 10.52 53 

2007 117 12.16 61 

2008 137 10.13 51 

2009 194 10.52 53 

2010 185 10.42 52 

2011 163 10.60 53 
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A t-test14 was used to examine these hypotheses resulting in a t = 0.68, degrees of freedom = 235 
and with a p value of 0.25. There is no evidence, using this data that the mean score on the Math 
Advisory exam declined between 2000 and 2011.  A visual examination of the data in Figure 1 
confirms this, since there is no observable decline in the mean percentage scores of the students 
during the period 2000-2011. 
 
The same analysis was conducted on the Engineering Assessment (FCI Inventory) data. The 
following hypotheses were tested, again, using a significance level of 0.05. 
 



2011 2007  : null hypothesis 

H1: 2011 2007  alternative hypothesis 

A t-test was used to examine the hypotheses resulting in a t =-1.75, degrees of freedom  = 243 
and with a p of 0.95. The same conclusion was reached: there is no evidence that a statistically 
significant decrease in the scores on the Engineering Assessment exam occurred between 2007 
and 2011. The Engineering Assessment data can also be compared to results from another 
completely independent source, obtained by Docktor and Heller15 , who published FCI scores for 
over 5000 science and engineering students at the University of Minnesota taken between 1997 
and 2007. Their overall results indicated that the average mean score on the FCI Inventory 
assessment exam was ~50 %. Their results also showed an increasing trend in FCI pre-test scores 
with time, but the analysis did not indicate whether or not this increase was statistically 
significant. The overall weighted average score for all students in this study was ~49%, but there 
does not appear to be an increasing trend in the data considered this study.  It is quite interesting 
to note that the scores on the FCI for students in this study (on average) are similar to those of 
engineering/science students at the University of Minnesota, considering that many factors that 
would influence these scores would be different (geography, educational background, admission 
requirements etc.) 
 
The admissions data (mean high school averages) for the students considered in this study are 
presented in Table 3. The mean overall averages for the various years are highlighted in red. The 
mean averages in the five high school courses required for admission are also summarized in the 
table. The mean overall admission averages are plotted in Figure 1 to illustrate the comparison to 
assessment exam score data. The small fluctuations in the data for the different indicators do not 
appear to correlate with one another. There seem to be more fluctuations in the math scores than 
the high school averages.  It is interesting that the scores on both the Math Advisory exam and 
the Engineering Assessment exam are ~30% below the mean overall admissions averages. They 
are also ~30% below the mean averages in the physics and math courses as well. If high school 
achievement is reflective of students’ abilities/skills, it would seem that either the high school 
averages are inflated or the expectations of the assessment exams are too high. The students in 
this study were generally disappointed and concerned about their scores on these exams, even 
though the results from these exams were not included in their first year evaluations.  
Assessment exams are merely used to gauge the areas where the students are weak, rather than as 
a placement tool. However, this information was used to establish the use of tutorials and 
remedial sessions as a part of the program at our institution. 
 P
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The Engineering Assessment exam was also used in a pre- and post-test manner for one year 
only: 2010. These results are presented in Table 4. The pre-test was given before classes began, 
and the post-test was given at the end of the first year. The average post-test score increased by 
11%. Similar results published by Docktor and Heller15 showed an increase of 20% between the 
pre- and post-test results on the same FCI exam. The method of instruction in the classes that 
were tested in their study emphasized a problem solving approach. The method of instruction for 
the students considered in this analysis was more a traditional, lecture style format. The literature 
seems to indicate that these assessment scores can be improved by changing the format of course 
instruction. This is an initiative that is worth exploring. Continued research in this area would be 
beneficial particularly in light of the amount of data that has already been collected in this 
program. 
 
Discussion 
 
Even though the original hypothesis of declining math skills was not quantitatively supported by 
this study, it became clear during the detailed examination of the data, that the math skills that 
students have entering our institution are not consistent with their high school math achievement 
scores. This inconsistency is sometimes referred to as grade inflation. Govender et al.16 observed 
grade inflation in a study done in South Africa comparing National Senior Certificate (NSC) 
math scores to the pass rate of first-year engineering physics. It was observed that math marks 
were not matched by actual performance. Grade inflation may have a substantial impact on 
success and retention in engineering, especially high school grade inflation which has been 
identified as a predictor of engineering success.  Much like other institutions in the US and UK, 
the South African students were in need of remedial programs to help address this problem. This 
study, along with previous studies cited in this article, demonstrates that the concern regarding 
weakness in math skills is widespread in engineering educational communities (US, UK and 
South Africa).  
 
A more interesting result of our study is that the indicators did not vary significantly during a 
ten-year time period. A possible explanation of this might be due to our admissions criteria. Two 
math courses (Math 30 – algebra and Math 31 – calculus) are required for admission to our 
engineering program, hence our students take an “advanced” math course compared to their US 
counterparts, where calculus is the domain of higher education rather than K-12. So, far these 
math requirements have not been relaxed, and certainly were unchanged throughout this study.  
 
Moreover, if the indicators used in this study are also predictors of success in engineering, one 
might expect that the success rate of students in this study might be relatively constant as well. 
At this stage, it certainly begs the question to examine the GPAs of these students to see if this 
trend is observed.  One might expect that in the future if these indicators change, it could be 
indicative of substantial changes in the K-12 curriculum or some other contributing factor the 
students experience prior to enrolment in first-year engineering. This longitudinal study may also 
provide a foundation for assessing the success or failure of initiatives that are being undertaken 
or those that may be proposed in the future to improve the success and retention of first-year 
engineering students at our institution. 
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Table 4 –Engineering Assessment Scores for First Year Engineering Students (2010) 

Year 
 

Number of Students Mean /30 % Score 

2010 Pre-Test 162 15.70 52 

2010 Post-Test 163 18.75 63 

 

Table 3 – Admissions Data for First Year Engineering Students 

Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Category              

Number of 
Students 

109 113 116 119 120 123 122 120 120 142 212 212 197

Overall Admission
Ave.* 

77.0 76.9 77.6 76.7 79.5 78.6 79.7 79.5 81.1 80.6 79.3 79.0 79.3

Adm. Ave. 
Range: 

66- 
93 

65- 
89 

70-
92 

66-
90 

67-
95 

65-
95 

70-
92 

70-
97 

71-
93 

75- 
93 

67.- 
96 

71-
92 

70-
92 

Science Average: 79.0 78.4 79.3 78.4 81.1 80.4 82.0 80.9 83.1 82.6 81.2 81.1 81.2

Physics 
Average: 

78.0 77.6 78.7 78.4 80.9 79.9 81.0 79.7 82.1 78.9 78.8 78.1 79.0

Math 30 
Average: 

80.9 80.8 80.7 80.1 83.0 82.0 84.0 82.9 83.1 81.1 83.0 83.1 82.0

Math 31 
Average: 

78.7 77.6 79.3 77.6 81.0 80.0 81.0 80.0 83.1 82.1 82.6 81.7 83.0

Chem 30 
Average: 

78.0 77.0 78.0 77.0 80.0 79.0 82.0 81.0 84.3 80.0 80.4 81.4 80.0

English 30 
Average: 

68 70 70 69 73 72 71 73 72 72 68 71 72 

English 30 
Range: 

50- 
89 

50- 
90 

52-
90 

50-
92 

50-
96 

50-
95 

53-
94 

50-
92 

50-
92 

54- 
93 

52- 
99 

52-
91 

51-
94 

*Note: the Admissions averages are based on the grades received in Chemistry,  
Physics, English and two Math Courses. 

P
age 23.323.9



 

 

 
 
Figure 1: Math Advisory & Engineering Assessment exam scores & Admissions Averages  
for 2000 - 2011 
 
Summary 
 
Analysis of the data obtained from a decade of pre-engineering assessment scores does not 
confirm the anecdotal hypothesis that our engineering students’ pre-engineering skills are 
declining. However, it does seem to demonstrate math deficiencies through the low mean scores 
on the Math Advisory exam. It is possible that assessment exam scores may not be reflective of 
the students’ capabilities and/or skills, but whatever qualities are measured using these 
assessment tools have not changed, at least in an average sense. It is clear from the data that the 
scores on these assessment tools, much like the admissions averages for these students, have 
been relatively constant over the time period considered. It is also clear, that the performance of 
these students on the FCI is similar to students at the University of Minnesota in both magnitude 
and variability. Further exploration is needed to determine whether or not the scores on these 
assessment exams can be influenced by a change in teaching methods, and whether or not a 
change in these scores would be meaningful. A more detailed analysis of the data may provide 
insight into some of the “perceived” skill deficiencies of engineering students. 
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