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USING FORWARD INFERENCING AS AN INDICATOR OF 

PROBLEM SOLVING SKILL IN U.S. AND INDIAN 

ENGINEERING UNDERGRADUATES 
 

Abstract 

 

With rising concerns about U.S. competitiveness in a global workplace, questions typically 

center on adequacy of training.  What are the parameters of achievement, what benchmarks can 

be established as indicating competent and proficient student performance? Research on problem 

solving has shown that the specific order in which a person generates equations in a solution is 

indicative of his or her level of expertise. Experts apply the process of forward inferencing.  

Novices apply the process of backward inferencing. Forward inferencing requires a deep 

understanding of the problem. This understanding is activated immediately, either through 

recalling that type of problem from past experience, or through reasoning about the problem 

before generating equations. Students‟ problem solving protocols were analyzed to determine if 

they behaved like experts or novices. The data consisted of paper-and-pencil solutions and video-

recordings of engineering freshmen and sophomores who were asked to think aloud as they 

solved typical statics problems. Data from U.S. students suggested that freshman-sophomore 

undergraduate students did not use forward inferencing.  In contrast to the U.S. data, students at 

an Indian Institute of Technology clearly used forward inferencing and showed that beginning 

undergraduate students can achieve the deep problem solving insight characteristic of experts.  

The U.S. and Indian data include quantitative and qualitative evidence. The distributions of 

forward versus backward inferencing are reported. Curriculum and cross-cultural differences are 

considered, in part, in accounting for the differences between U.S. and Indian students. The 

value of this research to U.S. engineering curricula is that it provides clear pedagogical 

benchmarks for classroom instruction. 

 

 

Undergraduate engineering programs are intended to develop effective problem solvers. A 

problem-centered approach that requires students to solve practice problems from a textbook is 

common in many courses. Data collected from two U.S. universities
0
 found that solving textbook 

problems was the most frequent and time-consuming learning activity outside of attending 

course lectures. These demands of time and effort are placed on students for good reasons. The 

goal of problem-solving practice is to develop basic knowledge and procedural skill, and, 

importantly, to ultimately develop students with a firm grasp of conceptual principles and the 

ability to think analytically and critically about problems in a domain. 

 

Within current instructional practices, it is not always clear how to define proficiency or 

expertise in undergraduate problem solving. Research has shown that engineering curricula 

orient students to final solutions, not necessarily to the process followed in order to achieve the 

solution.
1
  Relatedly, feedback from instructors is often oriented toward the accuracy of the final 

solution and not the strengths and weaknesses in students‟ conceptualizations of problems.
1
  The 

present work attempts to develop a measure of definiteness of what it means to be a skilled 

problem solver as an undergraduate student.  It also confronts the absence of clear benchmarks or 

expectations regarding students‟ facility and proficiency in problem solving. Finally, this paper 
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Figure 1. Neglecting friction, 
determine the tension in 
cable ABD and the reaction 
at support C. (from [5]) 

presents an experimental paradigm and methodology for systematically exploring the parameters 

of skill development in engineering undergraduates. 

 

Problem Solving Models 

 

Problem solving requires cognitive strategies for retrieving, selecting, and applying 

knowledge.  Research has shown that specific orders of equations in a solution are indicative of 

the level of understanding of the problem solver. In seminal studies in introductory physics 

mechanics, a domain with similarities to statics, two kinds of control were identified: backward 

inferences and forward inferences.
2-4

  In applying backward 

inferences, the person begins with a variable value that is 

requested by the problem statement and identifies a principle 

that includes that variable. The selected equation may include 

other variables for which a value is unknown. The person then 

selects an equation involving that unknown variable or some 

other equation. He or she continues to select and apply 

equations until the desired variable value is found.  Using the 

problem in Figure 1 as an example, an individual may choose 

to expand  FX, which includes one of the desired variables 

(CX), but also an additional unknown (TX), so the individual 

must continue to search for equations before a variable value 

can be found. In applying forward inferences, the person 

develops equations with one unknown that can be solved 

immediately. As a result, the solver systematically adds new 

information to his or her database until the variable values 

requested by the problem are found. Using the same example, 

choosing to solve for the  MC allows one to immediately 

solve for tension (T), which is one of the variable values requested in the problem statement. 

Forward inferences have been associated with expert problem solving, and backward inferences 

have been associated with novice problem solving.
3, 4, 6, 7

  Other research, though, has found no 

differences in the application of forward and backward inferences in physics across a wide range 

of expertise.
8
 Therefore, the available research is unclear about whether forward inferences are 

indicative of problem-solving expertise in undergraduate students. 

 

Another body of research has considered the question of expertise in terms of conceptual 

development.
9
 Striking differences between novice and expert problem solvers for introductory 

physics reside in the ways these two groups mentally represent problems. This research showed, 

for instance, that novice undergraduates are easily misled by surface problem features.  When 

given a sorting task, they readily sorted together problems involving inclined planes, or problems 

involving pulleys, with little regard for the underlying principles involved in the problem (e.g., 

conservation of energy) that would allow sorting on a deeper, more meaningful level.
6
  Applied 

research in engineering education has suggested that students strive to develop conceptual 

knowledge, but, unfortunately, do so at low cognitive levels. In a study of the learning effects of 

a computer-based module on the topic of control systems
10

, the researchers found greater gains at 

lower cognitive levels of Bloom‟s taxonomy
11

 (Level 2: Comprehension; Level 3: Application) 

than at higher levels (Level 4: Analysis; Level 6: Evaluation).  Other research has identified 
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misconceptions held by engineering students regarding basic engineering concepts, like rate and 

energy
12

, and concept inventories have been developed to identify misconceptions in single
13, 14

 

and across multiple domains
15, 16

.  Engineering students often lack deep understanding of the 

concepts and principles that underlie their areas of training.
17 

 

A consideration of statics problem solving suggests that conceptual, strategic, and procedural 

elements are closely intertwined.
18, 19

 In statics, students step through problems in a relatively 

consistent manner. After reading a problem statement, the student sets one or more goals.  A 

visual representation of the forces in the problem is created by drawing a free-body diagram. A 

solution is developed incrementally by selecting physical principles, like  FY = 0, and 

expanding these as equations using variables and given values from the problem.  The student 

transforms these mathematical representations by applying procedural knowledge to simplify the 

equations, rewriting them, and performing substitutions, among other basic algebraic 

manipulations.  Along the way, the student must retrieve relevant knowledge in the form of 

physical principles and facts, and create new knowledge through inferences, such as when 

assumptions about the physical state of the problem need to be made.  Given values, retrieved 

knowledge, and assumptions must be integrated and applied to the problem in the course of 

reaching a solution. Analyses of problem solving have shown that students get caught up in the 

process of working through equations without considering alternative solutions or challenging 

certain assumptions made about the problem.
20, 21

 Poor performers in statics may make mistakes 

in representation or fail to clarify assumptions, even if they progress adequately through the 

equations.  Conversely, expert problem solvers have strong mathematical skills and strategies for 

monitoring progress and evaluating their answer.
21, 22

  In sum, there is sufficient cause to 

hypothesize that many factors come together in skilled problem solving.  These factors include 

principled knowledge about physical phenomena, knowledge of basic physical facts and 

constants, cognitive strategies related to reasoning about the physical situation itself, strategies 

related to monitoring and checking the problem solving process, and procedural skill related to 

algebraically creating and manipulating equations.
19, 21

  Recent work in brain imaging suggests 

that these distinctions are more than convenient abstract distinctions, but, rather, are grounded in 

the physical properties of the brain, with procedural knowledge developing in the basal ganglia 

and mental models residing in the prefrontal cortex, two quite distinct and somewhat distal 

cortical structures.
23

 

 

Forward Inferencing Research Study 

 

This paper describes the results from a recent research study conducted in India and 

compares the results to data in a prior research study conducted in the U.S.
21

  The rationale for 

collecting data in India can be stated as follows.  The test of forward inferencing in the U.S. 

sample
21

 confirmed the conclusion drawn by Larkin and colleagues
3, 4, 7

 that forward inferencing 

characterized the reasoning of experts, who were defined as faculty and graduate student 

instructors, but not novices, who were defined as undergraduate students.  To challenge this 

conclusion, the experiment was repeated at an Indian Institute of Technology (IIT). An IIT was 

selected because these institutions are world-renowned for their engineering training programs.  

Bill Gates has described IITs as „world-class institutes,‟ and Jeff Bezos of Amazon described 

them as „a world treasure.‟ English is the language of instruction at the IIT. 
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Figure 2. The 10-m beam AB 
rests upon, but is not attached 
to, supports at C and D.  
Neglecting the weight of the 
beam, determine the range of 
values of P for which the beam 
will remain in equilibrium. (from 
[5])  

Predictions 

 

The following predictions were made for this study: 

 IIT students would show relatively strong evidence of forward inferencing 

 Successful forward inferencing would be associated with high ability, as reflected in 

cumulative grade-point averages (CGPA) 

 Forward inferencing is a sufficient, but not necessary, marker of problem solving ability. 

The reasoning for these predictions is as follows.  The first prediction was made because of the 

intense engineering training programs at IITs, the second prediction was made because of the 

deep conceptual knowledge required for successfully applying forward inferencing, and the third 

prediction was made because of the possibility of successfully solving problems without using 

forward inferencing. 

 

Participants 

 

A U.S. sample, drawn from a large, public, research university in the southwest, is described 

elsewhere.
21

 The Indian sample was drawn from an Indian Institute of Technology (IIT). The 

participants at both institutions were recruited from Mechanics I courses. This is one of the 

earliest courses completed by engineering majors. In order to test the role of ability, the samples 

consisted of a spectrum of students, from higher-performing to lower-performing, based on 

grade-point averages at their institutions. All students participated voluntarily.  The study in the 

U.S. was reviewed and approved by the respective Institutional Review Board; in India, an 

institutional ethics committee reviewed and approved the research project. 

 

Procedure 

 

Students participated about halfway through the semester and had covered the topics in the 

problems they were asked to solve.  The U.S. students solved two problems: Problems 1 and 2, 

shown in Figures 1 and 2, respectively. The IIT students 

solved the same problems, plus an additional problem that is 

not considered here. All participants met individually with an 

experimenter in a quiet room.  They were instructed to solve 

the problems on paper as they normally would and to think out 

loud as they solved the problems. All sessions took 

approximately 50 minutes.  Problem solving was video 

recorded with the permission of participants. During data 

collection, the primary role of the experimenter was to prompt 

participants to continue to verbalize their thoughts if they fell 

silent for longer than a minute or two.  In addition, at the 

conclusion of solving the problems, Indian students were 

asked to explicitly comment on why they chose to expand the 

particular first equation for each problem. A calculator was 

available to participants if they did not have their own. At the 

conclusion of the meeting the U.S. students were compensated $25 for participation; the Indian 

students received a ballpoint pen, based on the advice of Indian faculty. The experimenter 

observed that the Indian students appreciated the pen and showed no dissatisfaction with the 
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compensation. There is no obvious reason to suspect that the results reported here were affected 

by the compensation students received. 

 

Results 

 

In both research studies, the paper-and-pencil solutions and the video recordings were used to 

compile the data.  What matters here is the evidence for forward inferencing.  To decide if 

forward inferencing took place an explicit set of judgment criteria was necessary.  A  Forces or 

 Moment expansion was considered a forward inference if  

 it was the first equation that the participant produced 

 the requisite assumption or prior knowledge was correctly applied 

 the equation was accurate 

 the equation yielded a variable value.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.  Individual performance of IIT students on Problem 1. Notes. CGPA: Cumulative 

Grade Point Average, on a 10-point scale. R: Rc = Cx, Cy; T: TAB = TBD; Eq1: MC; Eq2: FX; 

Eq3: FY; Eq 3-4: Other.    + is „yes‟, - is „no.‟ 

Subject Order of Prior Knowledge and Equations Tension 
and Rc 

Forward 
Inferencing CGPA Letter 

Grade 

 1
st
  2

nd
 3

rd
 4

th
 5

th
 6

th
 7

th
 8

th
 9

th
 10

th
 

T Cx Cy 
 

  

S9 R T Eq2 Eq3 Eq1       + + + - 9.64 A 

S25 R T Eq1  Eq2 Eq3      + + + +  9.36 A 

S18 R T Eq2 Eq3 Eq1       + +  - 9.36 A 

S5 R T Eq2 Eq3 Eq1       + + + - 9.27 A 

S4 R T Eq1  Eq2 Eq3      + + + +  9.27 A 

S20 R T Eq2 Eq3 Eq4      + + + - 9.18 A 

S23 R T Eq1  Eq2 Eq3      + + + +  9.18 A 

S2 R T Eq2 Eq3 Eq1       + + + - 9.09 A 

S1 R T Eq1  Eq2 Eq3      + + + +  9.09 A 

S19 R T Eq3 Eq2 Eq1       + + + - 9.09 A 

S26 R Eq3 T Eq2 Eq1       + + + - 9.09 A 

S12 R T Eq1  Eq3 Eq2      + + + +  9.00 A 

S10 R Eq2 Eq3 Eq5 Eq2 Eq3 T Eq2 Eq3 Eq1  + + + - 9.00 A 

S6 R T Eq2 Eq3 Eq1       + + + - 8.64 B 

S11 R T Eq2 Eq3 Eq1       - - - - 8.27 B 

S7 R T Eq2 Eq3 Eq1       + + + - 7.64 C 

S8 T Eq1  5        - - - - 7.45 C 

S3 R T Eq2 Eq3 Eq1       + + + - 7.45 C 

S14 R T Eq2 Eq3 Eq1       + + + - 7.45 C 

S17 R T Eq3 Eq1  Eq2      + + + - 7.45 C 

S24 R Eq2 Eq3 T Eq1       - - - - 7.00 C 

S22 R T Eq1  Eq2 Eq4      - - - +  7.00 C 

S21 R Eq2 Eq1  Eq3       - - - - 7.00 C 

S15 - -         - - - - 6.50 D 

S13 R T Eq3 Eq2 Eq5      + + + - 6.00 D 

S16 R T Eq2 Eq3 Eq1       - - - - 5.80 Pass 
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These criteria differ from those in Larkin and colleagues (e.g., [3]) in that they require evidence 

that the person had activated the required prior knowledge (Problem 1: Tension AB = Tension 

BD) or had made the necessary assumptions (Problem 2: at Pmin and Pmax, the reaction at C = 0 

and the reaction at D = 0, respectively) in order to meaningfully engage in forward inferencing.  

There were two unwanted possibilities that these criteria were meant to minimize. For Problem 

1, the forward inferencing equation is the sum of moments about point C (MC); for Problem 2 it 

is MC or MD. One uninteresting possibility is that the person selected a forward inferencing 

equation by chance.  Another possibility is that the person habitually began with M equations 

as a heuristic to reduce the number of free variables; this is an adaptive strategy, but not of 

interest here.  As will become evident in Tables 1 and 2 for IIT students, these instances are 

rejected as involving forward inferencing because they do not yield a telltale marker of 

forward inferencing, which is the immediate solution to a variable value.  

 

The analysis of paper-and-pencil solutions involved identifying the critical knowledge and 

equations involved in each student‟s solutions and ordering them in the sequence produced by 

students. The first row in Table 1, for instance, specifies the order of expression of prior 

knowledge and equations for IIT participant 9 (S9). The abbreviations in the tables are as 

follows.  For Problem 1, the reaction at pin C consists of an x-component and y-component (R: 

Rc = Cx, Cy); the tension in the cable is the same in the two segments (T: TAB = TBD); Equation 1 

is the sum of moments about point C (Eq1: MC); and so on (Eq2: FX; Eq3: FY). The prior 

knowledge was expressed in the initial construction of a free-body diagram.  The critical forward 

inferencing equation for Problem 1 is Eq1, which is highlighted to show its position in the 

student‟s generation of equations for the problem. For problem 2, the critical assumptions are 

that the reaction at C and the reaction at D are 0 when computing the min and max values, 

respectively (A: RC, RD = 0), which must be made before the first equation is generated. The 

abbreviations for equations (Eq1: MC; Eq2: MD; Eq3: FY) are similar to those described 

above. The forwarding inferencing equations are Eq1 or Eq2. 

 

In the U.S. sample, one high-performing student began Problem 1 with a forward inference. 

Across all the U.S. students, the average proportion of correct variables that were solved for the 

problems was .37 (on average, 1.83 out of the five variable values requested in Problems 1 and 2: 

tension (T), x reaction at C (Cx), y reaction at C (Cy), Pmin, and Pmax, respectively). These data 

only weakly confirmed that undergraduates are capable of forward inferencing. Further, there 

was some evidence that forward inferences may be a sufficient but not necessary indicator of 

problem-solving skill, given that students solved the problems without using forward inferences.  

 

The Indian data tell a somewhat different story. First, considering the average proportion of 

correct variables requested by the problem, the Indian students performed at a higher level 

compared to the U.S. students, achieving a mean proportion of correct solution variables of .68 

for the two problems (on average, 3.38 out of the five variable values requested in Problems 1 

and 2: tension (T), x reaction at C (Cx), y reaction at C (Cy), Pmin, and Pmax, respectively), as 

shown in Tables 1 and 2. Importantly, and concerning the substantive issue at hand, 6 of the 26 

students demonstrated forward inferencing on Problem 1, and 2 students on Problem 2. These 

data are compelling enough to tentatively reject the conclusion by Larkin and colleagues
3, 4, 7

 that 

forward inferencing characterized the reasoning of experts but not novices. Because forward  
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inferencing was largely characteristic of higher-performing students in the U.S. and Indian data, 

the data further allow one to reject the conclusion of Priest and Lindsay
8
 that forward inferencing 

is a common practice and does not discriminate between experts and novices. The evidence here 

again showed that some students solved the problems without using forward inferencing, 

indicating that forward inferencing was a sufficient, but not necessary indicator of problem 

solving ability. 

 

Subject Order of Equations and Assumptions P Range 
of Values 

Evidence 
of Forward 
Inferencing 

CGPA  Letter 
Grade   

 1
st
  2

nd
 3

rd
 4

th
 5

th
 6

th
 7

th
 Max Min    

S9 Eq3 Eq1 Eq2 A     + + - 9.64 A 

S25 Eq1 A  Eq2     + + - 9.36 A 

S18 Eq3 Eq1 Eq2 A     + + - 9.36 A 

S5 Eq3 A  Eq1 Eq2    + + - 9.27 A 

S4 Eq3 Eq1 A      + + - 9.27 A 

S20 Eq3 Eq1 Eq2 A     + + - 9.18 A 

S23 A  Eq2 Eq1     + + +  9.18 A 

S2 Eq3 Eq1 Eq2 A     + + - 9.09 A 

S1 Eq1 Eq3 Eq2 A     + + - 9.09 A 

S19 Eq4 Eq3 Eq6 A     + + - 9.09 A 

S26 Eq3 Eq5 Eq1     - - - 9.09 A 

S12 Eq3 Eq6 Eq5 Eq2 A    + + - 9.00 A 

S10 Eq3 Eq6 A      + - - 9.00 A 

S6 Eq3 Eq5 A      + + - 8.64 B 

S11 Eq4 Eq3 Eq1 Eq2    - - - 8.27 B 

S7 Eq3 Eq1 Eq2 A     + + - 7.64 C 

S8 Eq3 Eq1 Eq2 Eq7 Eq8 Eq1 Eq6 - - - 7.45 C 

S3 Eq3 Eq1 Eq2 Eq6 A    + + - 7.45 C 

S14 Eq3 Eq5 Eq8     - - - 7.45 C 

S17 A  Eq1 Eq2     + - +  7.45 C 

S24 Eq3 Eq6 Eq1 Eq2 A    + + - 7.00 C 

S22 Eq3 Eq1 Eq2     - - - 7.00 C 

S21 Eq4 Eq7 Eq2     - - - 7.00 C 

S15 - - -     - - - 6.50 D 

S13 Eq3 Eq1 Eq2     - - - 6.00 D 

S16 Eq1 Eq3 Eq2     - - - 5.80 Pass 

Table 2.  Individual performance of Indian students on Problem 2. Notes.  CGPA: Cumulative 

Grade Point Average. A: RC, RD = 0; Eq1: MC; Eq2: MD; Eq3: FY; Eq 4-8: Other.  + is „yes‟, 

- is „no.‟ 

 

In summary, the three predictions were upheld: 

 IIT students showed relatively strong evidence of forward inferencing 

 Successful forward inferencing was associated with high ability, as reflected in 

cumulative grade-point averages (CGPA) 

 Forward inferencing is a sufficient, but not necessary, marker of problem solving ability. 
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These data reveal two crucial elements of a forward inferencing model, which are not 

explicitly modeled in the machine simulations developed for this phenomenon
2, 8, 24

, but are 

stated elements in more recent models. These are prior knowledge, in the Integrated Problem 

Solving Model
19

, and problem assumptions, in the Gray et al. 5-Step Model
25

. Considering the 

students who engaged in forward inferencing for Problem 1, Table 1 shows that each asserted 

that the Reaction at C (R) consists of x and y components, and that the Tension (T) in cable AB 

(TAB) is equal to the Tension in cable BD (TBD). Considering the students who engaged in 

forward inferencing for Problem 2, Table 2 shows that each asserted the critical assumptions (A), 

based on a mental model of the physical situation, that the Reaction at C = 0 (RC = 0) when P is 

at a minimum (Pmin) and the reaction at D = 0 (RD = 0) when P is at a maximum (Pmax).  These 

students began with the understanding that the range-of-values phrase in the question was about 

the minimum and maximum values of P and understood what the minimum and maximum 

values implied about the physical model, with the latter understanding being referred to here 

with the label used in the literature of a mental model [26]. 

 

It is important to note in these data that lacking prior knowledge R and T for Problem 1 

results in failure to solve the problem (S8 and S15), consistent with the emphasis placed on prior 

knowledge in the Integrated Problem Solving Model.
19

 Failure to make the required assumptions 

about the reactions at C and D in Problem 2 in the context of a mental model will result in failure 

to solve the problem, as shown in Table 2 for S8, S11, S13, S14, S15, S16, S21, S22, and S26. 

 

Asserting prior knowledge late in the solution process, results in an extensive and inefficient 

search of equations as shown for S10 in Table 1. This is also true for assumptions in Problem 2, 

where 14 students made the assumptions after expanding one or more equations. They did not 

engage in forward inferencing, as defined here, but solved the problem correctly.  Typically, 

mental search for the assumptions and development of a mental model came when students 

reached an impasse in their problem solving, specifically, they had at least three equations in 

three unknowns, but could not find a unique value for P, as shown in Table 2 for S1, S2, S3, S7, 

S9, S12, S18, S19, S20, S24. Impasses are points in problem solving where a person detects an 

error or cannot move forward. An impasse can result in insight into the problem and learning
27

, 

or it can trigger a change in problem-solving strategy.
8
 

 

It is also true that activating the appropriate prior knowledge and engaging in forward 

inferencing does not guarantee a solution, as shown for S22 for Problem 1. Nor is it the case that 

developing an appropriate mental model for Problem 2 will guarantee a correct solution, as 

shown for S17 who only got half the solution correct.  In both cases, these students made 

computational errors, which would be attributed to procedural skill. Clearly, one can have good 

conceptual knowledge and may be following a sophisticated problem solving tactic, but make 

procedural errors. Procedural skill (algebraic calculations) generally does not discriminate 

between higher-performing and lower-performing engineering undergraduates
21

, but according 

to cognitive theories (e.g., [28]) and practical considerations, procedural skill cannot be 

marginalized in any theory of problem solving. 

 

Discussion 

 

A Working Model of Expertise and a Methodology for Further Research 
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The data presented here reveal both the outlines of a theory of expertise for engineering 

undergraduates and an empirical methodology for broadening and confirming the theory. The 

levels of performance across the data sets suggest several levels of skill.  There are students like 

S15 who are stumped by typical problems from the domain of study. There are conventional 

problem solvers who follow a fixed routine when solving problems. These students eventually 

reach the correct solution. There are incisive analysts who take time before attempting to solve a 

problem to reflect on the parameters and to develop a mental model. This reflective reasoning is 

evidenced in forward inferencing. Forward inferencing is sufficient but not necessary to solve a 

problem, with the following qualifications. In all cases, prior knowledge plays a critical role, and 

cannot be inferred from information given in the problem. The student must simply know this 

information. Similarly, knowledge of specific concepts, like range of values, and the ability to 

translate those concepts into mental models of the problem, are required to solve a problem.  The 

student must be able to translate these concepts from a general form of knowledge to the 

requirements of specific problems. The present work effectively situates these components – 

prior knowledge, assumptions, mental model, impasses, and computation – with detail typically 

not found in available models of problem solving, and allows one to better discern the strengths 

and weaknesses of students, as well as to suggest possible interventions. 

 

Developing Standards for Undergraduate Instruction 

 

The data presented here have implications for current challenges facing undergraduate 

educators.  First, a model of forward inferencing allows one to begin to specify with a measure 

of definiteness what it means to be skilled or to have expertise in specific areas of statics. 

Second, the data provide benchmarks for performance.  They indicate a level of analysis and 

reasoning that beginning undergraduates are capable of achieving. Third, the research studies 

present an effective methodology for continuing to research the conceptual and procedural 

parameters of skill development in engineering undergraduates. And finally, the data draw on 

field studies to produce compelling data about what students know and how they apply that 

knowledge to problem solving. 

 

The think-aloud methodology used in these research studies, and variants of it can be adopted 

for classroom instruction. In this way, the present research also speaks to practical concerns and 

challenges faced by classroom instructors. Broder Greenfield
29

 suggested that “teachers may find 

it valuable to listen to these [problem solving] processes as they occur. Asking students to think 

aloud as they solve problems helps the teacher to spot lack of understanding or 

misunderstandings, and it can help to clarify the reasons for students‟ errors” (p. 16). Another 

possibility is to use paper-and-pencil solutions that are submitted by students as a regular 

homework activity more strategically by requiring students to specify critical elements, like 

assumptions, as part of developing a solution. 

 

Cultural Differences 

 

It is unlikely that the differences between U.S. and Indian students can be explained at the 

level of basic differences in intelligence.  Rather, more likely sources of explanation are socio-

cultural theories of learning, like those proposed by Vygotsky
30

 and others. These theories 

emphasize social and cultural factors in development and consider how these factors shape and 
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define thinking.  The cultural community in which a child interacts with others constrains and 

guides how an individual develops.  The cohort of IIT students investigated in this study 

competed fiercely to gain admission into an IIT. Many spent years attending extracurricular 

coaching sessions prior to taking the entrance exam to the IIT. They often had the full support 

and encouragement of family to excel. These conditions may be as important as the content and 

pedagogy of undergraduate instruction in ultimately developing professional engineers. Cultural 

influences deserve more attention as part of engineering education research, not only of the 

Indian culture, but of other cultures as well. 
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