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Abstract 
 

Student outcomes are statements that describe the attributes, skills and abilities that students should 
acquire by the time they graduate. For quality assurance evaluation, these outcomes must be assessed 
through curriculum and extra-curriculum activities. In order to evaluate the level to which an outcome is 
met, it is necessary to select some courses where the outcome is highly covered. “Highly” covered can be 
identified using Bloom’s levels, number of covered hours, weight of its assessment and others. Course 
goals must be linked to the student outcomes and defined in terms of measurable verbs. This paper 
presents a structured approach, using just the two outcomes “a” and “e” as an example, to assess directly 
and indirectly student outcomes in Mathematics. This is done through partial differential equation course 
by defining appropriate measurable course goals.  
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1. INTRODUCTION 
 

Academic Accreditation is an official recognition and validation that an institution in higher education is assessed 

positively or negatively against a set of standards and criteria. It’s a sign of quality, continuous assessment and 

improvement of their programs. There are two types of academic accred itation: institutional and specialized 

accreditations. The first one accredits the institution as a whole and not a specific program in the institution as the 

specialized one does. This research study belongs to the second type of accreditation. One of the important factors of 

the accreditation is involv ing different stakeholders and the community (student parents, employers…) in the 

process of assessment. Accreditation benefits students, instructors and the community.  Accreditation is evidence 

that an academic program that leads to a degree has met certain standards that are essential to generate graduates 

who are ready to enter their professions. Students who graduate from accredited universities have access to 

enhanced opportunities in employment; licensure (i.e. PE), registration and certification (i.e. IIE society 

membership); graduate education and global mobility (student transfer acceptance, applications for graduate 

schools).  

Accreditation Board of Engineering and Technology (ABET) is a non-profit and non-governmental accrediting 

agency for academic programs in four disciplines: applied science, computing, engineering, and enginee ring 

technology. As of November, 22 2014 ABET accredits more than 3,400 academic programs at nearly 700 colleges 

and universities in 28 countries including USA. ABET provides specialized, programmat ic accreditation that 

evaluates an individual program of s tudy, rather than evaluating the entire institution. 

ABET accreditation process and procedures are totally voluntary and achieved through a peer review, provide 

assurance that a college or university program meets the quality standards established by the p rofession for which 

the program prepares its students. ABET is recognized in  the USA by the Council for Higher Education 

Accreditation (CHEA) and by mutual agreement with many countries like Canada and Australia.  

Recently, the author [1, 2] developed a systematic process to assess the student outcomes in mathemat ics courses. In 

this paper, we focus on just two outcomes as an example, and discuss new approach to develop an assessment 

methodology in mathematic courses, conform with ABET accreditation standards [3]. 
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2. STUDENT OUTCOMES 

 
ABET requires each program seeking accreditation to develop a clear set of student outcomes (referred as criterion 

3), collect direct and indirect assessment data through several courses and surveys, determine the degree to which 

the outcomes are achieved, and use the results of the evaluation to improve the program. The ABET web  site has 

several documents related to assessment [3].  

Criterion 3 (Student Outcomes) of the ABET Criteria -for accrediting lists- is a set of characteristics that each 

program must have documented student outcomes that prepare graduates to accomplish the program educational 

objectives of the institution. As we mentioned, student outcomes describe the attributes, skills, and abilities that 

students able to do upon graduating from the program. We list below the eleven student outcomes define used by 

ABET (well known by “a” to “k”). Every core course in the curricu lum includes set of course goals, the goals are 

linked to the student outcomes (i.e. “a” to “k”). Instructors are expected to measure those outcomes using direct and 

indirect assessment for the courses they have taught at the end of the semester: 

(a) An ability to apply knowledge of mathematics, science, and engineering  

(b) An ability to design and conduct experiments, as well as to analyze and interpret data  

(c) An ability to design a system, component, or process to meet desired needs within  realistic constraints such 

 as economic, environmental, social, political, ethical, health and safety, manufacturability, and 

 sustainability  

(d) An ability to function on multidisciplinary teams  

(e) An ability to identify, formulates, and solves engineering problems  

(f) An understanding of professional and ethical responsibility  

(g) An ability to communicate effectively  

(h) The broad education necessary to understand the impact of engineering solutions in a global, economic, 

 environmental, and societal context  

(i) Recognition of the need for, and an ability to engage in life-long learning  

(j) A knowledge of contemporary issues  

(k) An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.  

 

 

3. ASSESSMENT TYPES 

 
Broadly  speaking, there are two types of assessment: format ive and summative assessment. For mat ive assessment 

observes student learning progressively during the learning process. For example instructor ask students at the end 

of each class about their feedback and based on that instructor might adjust his/her teaching way of the topic in the 

next class. The assessment techniques of this type may include: quizzes, minutes paper, very small survey…etc.  

 The summative assessment evaluate student learning at the end of chapter or topics. The assessment technique of 

this type may include: Exams, projects, presentations…etc. 

 

4. PERFORMANCE INDICATORS 

 
Performance indicator is a statement includes action verb. This verb usually is taken from Bloom’s taxonomy in 

order to be measurable. The idea here is to use measurable verb in order to evaluate accurate ly and effectively if a  

student outcome can be judged to have been achieved or not achieved. Performance indicators are quantitative tools 

and are usually expressed as a rate, ratio or percentage. In ABET terminology, performance indicators are “effect ive 

assessments use relevant direct, ind irect, quantitative and qualitative measures as appropriate to the outcome being 

measured.” However, with growing maturity in the assessment process, programs are expected to place greater 

emphasis on direct assessment of student learning, which is based on student demonstrated work, rather than indirect 

assessment, which is based on student, alumni, or employer surveys.  

In this paper, we will just focus on Outcome (a) and (e), as an example, and describe our assessment methodology. 

We will also use direct and indirect assessment of the outcome through evaluation of student work and survey. 

Clearly Outcome (a) and (e) are a broad statement and its assessment requires to breaking it down to a number of 

simple measurable aspects that allow one to determine the extent to which the outcome is met. In ABET literature 

these measurable aspects are known as performance indicators. Performance indicators are written with action verbs 

such as define, demonstrate, discriminate, evaluate, and interpret. Performance indicators also spell out specific 
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subject contents [4-7]. In our case, we select part ial differential equation course for assessment. The reason of select 

this course is explained below. 

 
5. BLOOM’S TAXONOMY IN MATH CONTEXT 

 
In the below table, we described Bloom’s taxonomy and related measurable verbs where math assessment can be 

used. 

 

Table 1. Bloom’s Taxonomy 

 
 

It’s strongly recommended to use the verbs in the previous  table while preparing the course goals of mathematics 

courses. So assessments of the outcomes become straight forward. 

 
6. OUTCOMES “A” VERSUS “E” 

 
In order to remove the ambiguity and understand deeply the difference between these two outcomes, we will b reak 

them down to measurable performance indicators by using measurable verbs from the previous table, so the 

assessment of each one becomes more accurate.  

Outcome “a”: An ability to apply knowledge of mathematics, science, and engineering. 

a1: apply knowledge of mathemat ics to distinguish between dependent and independent variables. Describe 

derivative and integral of functions. Select appropriate model. Use analytical and numerical techniques to solve 

equations. Apply concepts of integral and differential calculus and linear algebra to solve problems  

a2: apply knowledge of science and engineering to describe the principal of physical, chemical or bio logical 

systems. Apply thermodynamic principles. Apply materials princip les. Analyze data using statistics principles. 

Analyze models of systems. 

Outcome “e”: An ability to identify, formulates, and solves engineering problems. 

e1: Identifies and understands all problems associated with current methods. 

e2: Uses knowledge to construct models of physical systems . 

e3: identifies and analyzes potential solutions to engineering problem. 
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e4: assess the effectiveness and accuracy of different approach. 

e5: indicate how theory can be used in practice. 

e6: select appropriate solutions to the engineering problem. 

 

7. COURSE GOALS 
 

Example of course goals of partial differential equation: 

- CG1: Model engineering systems using PDE (e) 

- CG2: Solve linear first and second order PDE (a) 

- CG3: Find Fourier Series of function (a) 

- …. 

- …. 

The letter between parentheses represents the student outcomes. 

 

8. OUTCOMES ASSESSMENT 

 
In order to assess outcomes “a” and “e”, we will use direct and indirect assessment. For the direct assessment we 

will include the following problem in the exam: 

 

 

 
 

Figure 1. Steady-state temperatures in a rectangular plate 

 

A thin rectangular plate coincides with the region defined by 2<= x <= 8, 1<= y <= 5. The left end and the bottom of 

the plate are insulated. The top of the plate is held at temperature zero, and the right  end of the plate is held at 

temperature f(y) = y. 

 

Q1: Model the problem using partial differential equation. 

Q2: Solve the partial differential equation obtained in Q1, using appropriate technique. 

 

As we can see, Q1 address CG1 and cover outcome “e” (in  part icular “e2”), where Q2 address CG2 and cover 

outcome “a” (in particular “a1”). Now to decide if the outcome is achieved, we need to define threshold. For 

instance we can say, if 70% of students get 70 and above on Q1 then outcome “e” is achieved in th is course, 

otherwise we need to suggest some improvements for the CG1 in the next semester. 

For the indirect assessment, we use the below survey where students and instructor are required to fill in at the end 

of the term. 
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Table 2. Survey 

please rate(X) how well this class addressed each one of the 

following course learning outcomes (4:excellent, 

3:good,2:average,1:poor,0:N/A) 

Course goals 
student evaluation 

4 3 2 1 0 Avg % 
CG1:Model 

engineering systems 
using PDE(e) 

 
       

CG2: Solve linear 
first and second 

order PDE(a) 

 
       

….. 

       

 

The outcome is achieved if the average of all students, for example, is 3 or above, same for the instructor evaluation. 

At the end an outcome is achieved in this course if all assessment, direct and indirect, is achieved. 

We recommend that each outcome is assessed in three courses. Hence an  outcome is ach ieved if it’s ach ieved at 

least in two courses. In the below figure, outcome “e” is achieved. 

 

 
 

Figure 2. Outcome e is achieved 

 

 

9. CONCLUSION 

 
In this paper, we explained the difference between the two ABET student outcomes “a” and “e”, and how faculty 

can evaluate them through direct and indirect assessment. The ability to identify and define the problem was 

evaluated through a modelling exercise then followed by the evaluation of the student’s ability to apply his or her 

knowledge in order to find a solution to that problem.  

The proposed strategy can be extended to cover all other outcomes. 
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