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Construct Validation of the Engineering Students’
Motivational
Beliefs Scale: Findings and Future
Directions

Previous research has shown that engagement in a task is directly linked to a person’s
motivational beliefs!l. Motivational theories have been incorporated into domains like
psychology and education for decades in order to help explain student performance in many
different areas M) Recently, researchers in engineering education have used the
Expectancy-Value Theory of motivation to assess academic and achievement behaviors in
students PO specifically, motivation theories have been used to assess the probability of
a student’s intention to leave a given field or major ®1. Due to the attrition problem that
affects about 50% of engineering students in universities across the country 1!, the use of
motivational theories could prove to be a useful tool in further exploring the attrition issue and
finding answers. As part of a larger research program, the current study attempts to validate
an instrument, the Engineering Students’ Motivational Beliefs Scale (ESMBS), through the
use of the Benson’s Model of Construct Validation ™!, The development of the ESMBS is
based on an Expectancy, Value, and Cost framework of motivation and assesses students’
motivational beliefs in the context of engineering education Y. Because preliminary data
yielded mixed findings regarding the internal consistency of some of the subscales™, the
paper herein serves to show findings from a second administration of the instrument, along
with inter-correlations between items and future directions for the development of the
ESMBS, in attempts to further examine these psychometric issues. The researchers believe
that a bigger sample size was needed in order to make any claims about the functioning of the
ESMBS items, thus the need for a new larger study.

The Expectancy-Value Cost (EVC) model was created under the umbrella of the
Expectancy Value Theory (EVT) of motivation, which has been a major theory for
researching achievement related behaviors in many different educational domains &1, EVT
posits that motivation towards a specific activity or domain is driven by a person’s
expectations of obtaining a specific goal and the value that one ascribes to said goal 2. The
main components of EVT, expectancy and value, are believed to impact motivation and have
shown to be very useful in research on academic behavior 31, The first component,
expectancy, refers to the expectancy that a person has for being successful at a given task.
The second component deals with the value ascribed to the specific task, and can be broken
down into four subcomponents; interest, attainment, utility, and its moderator, cost %!,
Interest value is described as having interest for engaging in a task or gaining a significant
experience from being involved with a task. Attainment value refers to the importance that
one places in succeeding on a task, while utility value is the usefulness of engaging in a task.
Finally, cost is conceptualized as the effort associated with engaging in an activity. Cost, the
divergent value subcomponent, was further broken down into loss of valued alternatives,

perceived effort, and psychological cost . Loss of valued alternatives was described as the
loss of the ability to engage in other valued activities due to engaging in a specific activity.
Perceived effort is thought of as the amount of effort that must be put forth to succeed in a
task, and psychological cost refers to the anxiety for the potential failure associated with the
task.



After years of utilizing EVT to study student motivation, researchers discovered that
cost should actually be considered as a separate entity from value, as it greatly differs from the
other value components and shares a unique relationship with motivation ®1*°!. After further
examination of cost and its relationship to both expectancy and value, it was found that there
was no support, be it conceptual or empirical, to keep cost as a mediator of value ©!. Thus, the
EVC model was created in an effort to further understand how cost influences motivation
through a stringent framework grounded in motivation theories. Further work with cost has even
shown a newer fourth subcomponent of cost, outside effort cost, which refers to the amount of
effort needed to participate in activities unrelated to the target activity *°!. Interestingly, the
effort cost components have been shown to be perceived differently depending on if the task
was motivating or demotivating ™. For example, with demotivating tasks, effort put forth is
viewed as negative, while effort put forth for motivating tasks can be viewed as positive. This
finding had significant implications for measuring cost, as this construct could be viewed
differently depending on the context or on how the effort items are worded !,

Research utilizing the EVC model has shown that each component has a specific
relationship with both motivation, and the other components of the model BIM Specifically,
both expectancy and value are believed to be positively related to motivation and to each other,
such that as expectancies increase, so do values 2. Cost, in contrast, has been shown to share a
negative relationship with expectancies and values. Thus, as costs increase, expectancies,
values, and motivation has been shown to decrease P11 While these relationships seem to have
consensus within the domain of education, seminal researchers have actually proposed a
curvilinear relationship between task difficulty, which refers to the effort and perception of the
difficulty for a task, and other motivational constructs, meaning that small or large amounts of
effort are paired with low motivation, while a medium amount of effort results in high
motivation P24 This relationship has been shown to hold true in certain situations and for
specific individuals, such as the case of competitive athletes [*”). More recently, research within
the field of engineering education sug?ests that cost, specifically effort and sacrifice, is sometimes
positively related to motivation BII,

Motivation theories have gained popularity in engineering education research,
specifically due to the contributions they make to predicting achievement related behaviors.
Many engineering education researchers have attempted to create instruments utilizing EVT
[SI4I8I7] T the best of our knowledge, though, only the current research team has utilized

EVC to create an instrument to measure students’ motivational beliefs **! and to call out cost
and its multiple facets explicitly. Thus, while many of the EVT-based instruments have
yielded interesting results, they do not incorporate the latest findings in regards to the cost
construct, and therefore might not accurately be measuring all aspects of cost. The current
study attempts to further develop the ESMBS, an instrument utilizing EVC to assess
engineering student motivation, and to further explore the relationship between different
motivational constructs and how they might behave in the context of engineering.

For this study, the Engineering Students’ Motivational Beliefs Scale (ESMBS), an instrument
assessing students’ motivational beliefs, was administered to engineering students in attempts
to continue the construct validation process. This instrument is grounded in an Expectancy,
Value, and Cost framework, and contains questions that pertain to each aspect of this
framework. For example, the ESMBS contains 3 questions assessing students expectancies for



doing well in the major, 5 questions assessing students’ perceptions of the value associated
with the engineering major and profession, and 4 questions pertaining to students’ perceptions
of the costs associated with the engineering major.

l. Theoretical Framework for Construct Validation of the ESMBS and Previous
Work

The ESMBS has been undergoing construct validation using the Benson’s model. This
specific model of construct validation is comprised of three different phases: substantive,

structural, and external %, During the substantive phase, a literature review was conducted in
order to theoretically and empirically define the constructs of expectancy, value, and cost, in

the context of engineering education ™. Items were then created using the operational
definitions of each construct and content experts reviewed the items to ensure they applied to
the specific context of engineering education. Next, two think-aloud procedures were
conducted with engineering students for evaluating sources of response error. The items were
edited based on the feedback of the content experts and students. The ESMBS was
administered to a group of engineering students in order to move to the next stage of instrument
development, the structural stage. Psychometric information was examined, including inter-
correlations between each item and correlations between each item and its’ respective subscale.
This process allowed researchers to examine the consistency of the measure, although due to a
small sample size conclusions about the functioning of the individual items could not be drawn.
Finally, during the external phase of construct validation, the ESMBS items were correlated
with a measure of student engagement to determine if the items were related as described by
previous literature and theory to the construct of student engagement. It was found that items
were not relating to student engagement as expected based on previous literature. The
researchers believed that this could either be due to the small sample size used in the study, the
wording of the questions in the ESMBS being misinterpreted, or the student engagement scale

not measuring all of the factors that contribute to that construct 2.
Il The Current Study

In order to continue the effort to validate the ESMBS, a new round of the phases of the
Benson’s model was conducted, with a larger sample size. During this new administration,
the substantive phase was focused on reviewing the literature again (summarized above) to
determine if any new research in this area had been conducted. Due to the small sample size
of the previous study and the inability to truly assess the internal consistency of the
instrument, the research team decided to not modify any of the items at this point. The
working definitions from the previous study that served as a base for the item are presented
below (Table 1). Researchers believed that by conducting the same study with a larger
sample size, we would be able to see if patterns that emerged in preliminary data would still
hold true.



TABLE 1. Operational Definitions of the ESMBS constructs

ESMBS Construct

Working Definitions

Expectancy- General

The confidence that engineering students have in
their current and future abilities to do well in the
engineering major.

Value- General

Positive beliefs about engineering as a field of
study and as a profession.

Value - Attainment

The importance students assign to being
engineering students or becoming engineers.

Value - Interest

Level of interest students have for the engineering
major.

Value - Utility

Usefulness that students grant to engineering as a
major and as a profession.

Cost- General

Sacrifices in time and other resources students
have to make in order to do well in engineering,
including the drawbacks related to student
involvement in the major.

Cost - Loss of valued
alternatives

Sacrifices that students need to make in order to
do well in the engineering major.

Cost - Effort related
to engineering

Effort students require to allot to the engineering
major related activities in order to do well in the

major.
Cost - Effort not Effort or time expended in activities not related to
related to engineering engineering.

Cost - Psychological
cost

The mental stressors associated with the major.

During the second round of the structural phase, the ESMBS was administered to a
larger sample of engineering students, and intercorrelations between items were calculated in
order to examine preliminary information regarding the structure of the ESMBS. Finally,
during the second round of the external phase, the relationship between the ESMBS constructs
and student engagement was evaluated in order to see if the constructs were related as
expected.

I11. Structural Construct Validation Phase — Psychometric Properties of the ESMBS

Psychometric properties of the ESMBS were examined using several statistical
analyses, including Cronbach’s alpha, item-to-item correlations, and item-to-subscale
correlations. Pearson’s correlations were used to determine the relationships between different
items and between items and their corresponding subscales. Confirmatory Factor analysis was
not conducted due to an inadequate sample size.



1) Participants and methods

For the current study, the ESMBS was administered to 101 engineering students at a mid-
Atlantic University via an online survey using Qualtrics software. After removing 6 participants
who either did not pass the manipulation check or did not take sufficient time to complete the
survey, the final sample included 95 students, 27 of which were freshman, 9 were sophomores,
38 were juniors, and 21 were seniors. Of these 95 students, 72 were male and 23 were female.
The manipulation check presented students with a list of engineering courses that they may have
taken, with a check box next to each course. Students were given the instructions to ignore the
boxes, and instead click the continue button at the bottom of the page. Students who did not
follow directions and checked off any of the courses listed were categorized as not passing the
manipulation check and were believed to have not fully read all directions in the survey. Students
were emailed the link to the online survey (using Qualtrics) and were compensated a dining
voucher, redeemable at any dining facility on campus, worth $10.50. After participants
completed the survey, researchers checked for response bias, ensuring no one simply marked the
same response throughout the survey. Researchers also ensured that each participant took
sufficient time, minimum 5 minutes, to complete the survey.

2) Results and discussion

Prior to examining the relationships between the instrument’s items and their
respective subscales, the data was examined to determine normality. Suggested levels for
skewness |2| and kurtosis |7| set forth by Finney and Distefano were met, as all ESMBS items
fell within these acceptable ranges (Table 2)1*°!. The normality of the data, along with the
sufficient sample size, indicates that there was no need to conduct non-parametric analyses.

TABLE 2. Descriptive Statistics for ESMBS items

Item-Level Descriptive Statistics
Items (I;;E%?) M SD Skewness Kurtosis
Exp 1 4-7 551 1.08 -0.40 -1.26
Exp 2 3-7 5.42 1.11 -0.85 -1.01
Exp 3 2-7 5.09 1.08 0.65 -0.37
Value 1 3-7 6.25 1.00 -1.38 1.40
Value 2 2-7 5.82 1.31 -0.93 -0.09
Value 3 3-7 6.08 0.93 -0.89 0.43
Value 4 3-7 6.34 0.97 -1.43 1.26
Value 5 4-7 6.18 0.93 -0.84 -0.31
Cost 1 3-7 5.59 1.07 -0.45 -0.46
Cost 2 4-7 6.39 0.85 -1.48 1.64
Cost 3* 1-7 2.79 1.25 0.38 -0.22
Cost 4 3-7 5.39 1.15 -0.30 -0.82
* Cost item 3 is the only item negatively worded.




To determine internal consistency for the items associated with the three constructs,
expectancy, value, and cost, Cronbach’s alpha was calculated. The internal consistencies for
the ESMBS subscales were .83, .71, and .45 (expectancy, value, and cost). The expectancy
subscale appears to meet the acceptable cutoff of .70 % while the value subscale just barely
meets Kline’s acceptable range. Cost, however, falls short of meeting the acceptable range,
showing that the internal consistency for this subscale is unsatisfactory (Table 3).
Interestingly, compared to the first administration of the scale, the internal consistency of
value dropped from .87 to .71, though this subscale still meets the internal consistency cutoff.
Cost, however, showed a significant drop in internal consistency, and went from being in the
acceptable range (.71) to no longer having acceptable internal consistency (.45). With these
results in mind, it is important to note that all cost findings for this study should be taken
lightly and the low internal consistency of this subscale should be kept in mind while
interpreting these results. The low internal consistency of cost could be due to a number of
factors, which will be discussed below.

TABLE 3. Correlations between items and their respective subscale totals

Pearson’s correlations between expectancy, value, and cost items and their
subscale total
Pearson's rs (effect size rs?)

Items Expectancy Total Value Total Cost Total
Expectancyl .870* (0.757) — —
Expectancy?2 .891* (0.794) — —
Expectancy3 .823* (0.677) — —
Valuel — .753*(0.567) —
Value2 — .767* (0.588) —
Value3 — .636* (0.404) —
Value4 — .623* (0.388) —
Valueb — .618* (0.382) —
Costl — — .665* (0.442)
Cost2 — — .621* (0.386)
Cost3 — — .435* (0.189)
Cost4 — — 772* (0.596)
* Statistically significant results at .01. Cohen’s recommendation for categorizing p
effect sizes for the social sciences: 0.1 is small, 0.3 is medium, and 0.5 is large 4.
Medium to large effect sizes have been bolded.




In order to assess if the items were related as predicted by motivation theory, the
researchers conducted intercorrelation analyses between items (Table 4). Items should be highly
correlated with other items measuring the same construct, and moderately correlated with items
pertaining to other constructs. As per previous literature, we would predict that the expectancy,
value, and cost items would be more related to items in their own subscale in comparison to
items from another subscale. When reviewing the intercorrelation matrix, we see that
expectancy items have strong significant positive correlations with each other, indicating that
these items might be measuring the same construct. In the case of the value construct, although
many value items share significant relationships with each other these correlations are

considered weak to moderate by Cohen’s benchmarks (Table 4)?!1. Similar findings were
observed during the first administration, where the majority of value items had positive correlations
among each other. However, the correlations from the current administration are certainly weaker.
In that sense, the current findings call for an evaluation of the value items to see if there are
problematic items that are not truly representing the value construct. The need for an evaluation
of the value items is further supported when observing the correlations between value and
expectancy. Value items 1 and 2 are significantly related to most expectancy items, and these
relationships are both positive and moderate. These relationships are consistent with previous
findings from EVT research. In contrast, value items 4 and 5 share no significant relationships
with the expectancy items, and value 3 is only significantly correlated with the first expectancy
item. While the expectancy and value constructs should not share strong correlations, they
should be at least moderately correlated with each other. During the first administration we
could observe some of the patterns described here [11]. Specifically, although the correlations
between the expectancy and value items were practically significant, only some of them were
statistically significant. Furthermore, some of these correlations were even stronger than
correlations observed within the value construct. This does not coincide with previous findings

pertaining to EVT MB and requires a revision of the items.

The cost items also produced interesting results, as most cost items were not
significantly related, and some cost items had relationships that trend in the negative direction
(Table 4). Cost item 2 and 3 even share a significant negative correlation (-.212), such that as
efforts related to engineering increase, efforts not related to engineering decrease. These
results were found after reverse scoring cost item 3, which was negatively worded. Without the
adjustment of the item, we would expect a negative correlation between cost 2 and the other
cost items, though since we did reverse score this item, these results are not consistent with
previous literature. During the first administration of the survey a similar pattern emerged
within the cost construct...

In terms of the relationship between the constructs, perhaps the most interesting finding
pertains to cost items 1 and 2, which measure sacrifice and effort pertaining to engineering.
These two items are positively correlated with all expectancy and all value items, though only
some of these are statistically significant. This indicates that as sacrifice and effort increase, so
do some aspects of expectancy for succeeding at a task and the value placed on the task. While
this is not the norm for the majority of EVT and EVC research, this is not the first time such
findings have been reported. Such findings have given rise to the argument that in some cases,
and for specific individuals, a curvilinear relationship between cost and other motivational



constructs may exist *H*2. Cost items 3 and 4 were all negatively correlated with the
expectancy items, as expected, although some of these relationships were not significant. This
relationship shows that as outside effort and psychological cost increase, expectancies to do well
decrease, though this relationship may not be statistically significant due to the low internal
consistency of this subscale. Cost item 3 was also negatively correlated with all value items, as
expected, though again, not all relationships were statistically significant. This again could be
due to the low internal consistency of the cost subscale. Finally, only one of the value items,
value 2, was negatively correlated with cost 4, though this relationship was not significant. The
positive relationships between the cost items and the expectancy and value items appear to be
problematic, as they do not match what theory would predict. These results should be taken
lightly though, as there are psychometric issues with the cost subscale.

TABLE 4.
Inter-item Correlations

Pearson’s Correlations of The ESMBS Items

Items 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
1. Expectancy 1 | 1.000 - - - - - - - - -
2. Expectancy 2 | .710** | 1.000 - - - - - - - -
3. Expectancy 3 | .541** .588** | 1.000 - - - - - - -
4. Value 1 .304** .326** 243** 1.000 = = = = - -
5. Value 2 184 .257* 237* .554** 1.000 = = = - -
6. Value 3 .381** 141 .150 37T .387** | 1.000 - - - -
7. Value 4 170 .055 121 .316** 181 .309** | 1.000 - - -
8. Value 5 152 153 .162 .293** | .330** | .129 A412** | 1.000 - -
9.Cost 1 .034 .067 126 .308** 137 .185 134 149 1.000 - =
10. Cost 2 .073 .095 .063 A44** .167 373** | 310** | .165 .551** [ 1.000 | — -
11. Cost 3 -521%* | -491** | -553** | -384** | -375** | -370** | -.143 -.077 -.098 -.212* | 1.000 | —
12. Cost 4 254 | -214 | -184 | 145 | -807 | o068 | 232% | .23 | 313 | T | 477 | 1000
Note: *p < .05, **p < .01

In terms of relationships between constructs, value items 1 and 2 are significantly related
to most expectancy items, and these relationships are both positive and moderate. These
relationships are consistent with previous findings from EVT research. In contrast, value items 4
and 5 share no significant relationships with the expectancy items, and value 3 is only
significantly correlated with the first expectancy item. While the expectancy and value
constructs should not share strong correlations, they should be at least moderately correlated
with each other. Perhaps the most interesting finding pertains to cost items 1 and 2, which
measure sacrifice and effort pertaining to engineering. These two items are positively correlated
with all expectancy and all value items, though only some of these are statistically significant.
This indicates that as sacrifice and effort increase, so do some aspects of expectancy for
succeeding at a task and the value placed on the task. While this is not the norm for the majority
of EVT and EVC research, this is not the first time such findings have been reported. Such



findings have given rise to the argument that in some cases, and for specific individuals, a
curvilinear relationship between cost and other motivational constructs may exist M2, Cost
items 3 and 4 were all negatively correlated with the expectancy items, as expected, although
some of these relationships were not significant. This relationship shows that as outside effort
and psychological cost increase, expectancies to do well decrease, though this relationship may
not be statistically significant due to the low internal consistency of this subscale. Cost item 3
was also negatively correlated with all value items, as expected, though again, not all
relationships were statistically significant. This again could be due to the low internal
consistency of the cost subscale. Finally, only one of the value items, value 2, was negatively
correlated with cost 4, though this relationship was not significant. The positive relationships
between the cost items and the expectancy and value items appear to be problematic, as they do
not match what theory would predict. These results should be taken lightly though, as there are
psychometric issues with the cost subscale.

To more fully understand how the items across the three proposed subscales relate to
one another, researchers would need a large enough sample size in order to conduct a
confirmatory factor analysis. This analysis would allow the researchers to determine if the
proposed three- factor model fit better than alternative theoretical models. Next, as this is the
second time that these findings related to cost were obtained using this specific instrument, it
may be important to maintain the hypothesis that cost might behave differently in the culture of
engineering, and that not all costs are perceived as negativel*!). Specifically, related effort is not

always been perceived as negative, as shown in qualitative research 22231 This positive
interpretation of sacrifice and effort may hold true in the context of engineering, which, as
previously described, is a culture that values hard work, and the effort needed to succeed 2423],
People who are involved in engineering may see the loss of valued alternatives and the effort
needed to succeed as necessary means to an end. They may believe that these costs are
worthwhile in exchange for success within engineering. If this is the case, the research team
may have to adjust these cost items to truly measure negative cost. On the other hand, further
examining how the cost construct behaves in the context of engineering could provide useful
information for both engineering educators and motivation theories.

3. Conclusions of the structural phase

This initial investigation into the structure of the ESBMS, gives us a preliminary
understanding of how the items are functioning. In this case, the expectancy items are behaving
as expected, have strong positive correlations with each other, and show good internal
consistency. In comparison, the value items, though showing good internal consistency, only
make Kline’s cutoff by a marginal amount. These items are also not correlated as expected,
with some value items sharing moderate to large positive significant correlations, and others
not being significantly correlated with the expectancy items, or with each other. For example,
value items 4 and 2, and value items 3 and 5 do not share significant correlations with each
other. These results are unexpected, as all value items should be strongly correlated with each
other. Finally, the cost items present somewhat peculiar results and do not relate to each other
and to the other items as predicted by motivation theory. Three of the cost items do share
(Table 3) significant positive correlations with each other, as expected, but items 2 and 3 share
a significant negative correlation, which was not expected. This, along with the positive



relationships between some cost items with some value and expectancy items require further
examination. The cost subscale also showed very low internal consistency, which could be due
to a number of factors. First, as seen in table 3, cost item 3 has a much larger range (1-7) than
the other items. This could mean that the students were not fully reading the questions and
treated cost 3 as a positively worded item, instead of negatively worded. Future research
should examine the construct of cost specifically in the context of engineering in order to better
understand how this construct behaves in this specific culture. In addition, further investigation
into the structure of the ESMBS, through the use of methods such as a confirmatory factor
analysis should be the focus of future studies.

IV. External Construct Validation Phase — Correlations between ESMBS and Student
Engagement

The last phase of the construct validation process is the external phase, in which the
scores derived from the instrument under development are compared to other theoretically
related constructs to determine if the scores relate in theoretically predicted ways. In this case,
EVC literature supports a theoretical relationship between the expectancy, value, and costs
constructs and the construct of student engagement. During the first administration of the
survey, findings did not provide much external validity to the scale [*3. Specifically none of the
correlations between the EVC items and student engagement were statistically or practically
significant, in opposition with previous literature. Given the small sample size utilized during
the first administration, the research team preferred to conduct a new administration with a
larger sample size before making decisions based on the initial findings.

1) Participants and methods

Researchers used a sample of 95 engineering students to examine whether ESMBS
subscale scores correlated with student engagement scores in theoretically predictable ways.
The data used for this investigation is the same as the data utilized for the structural phase.
All participants and methods are the same as those outlined above in the Structural
Construct Validation Phase. In addition to the ESMBS, students also completed the Student
Engagement Survey (SE). To assess student engagement, researchers selected 14 questions
from the National Survey of Student Engagement 28!, These questions were designed to
measure specific aspects of student engagement, such as collaborative learning, cognitive
development, and personal skills development 7). As described in the previous study
conducted on the ESMBS, the SE has been determined to have good reliability, with the
alpha reliability being 0.84 271, In the previous study, the SE questions were modified to
pertain to the entire engineering major, instead of only applying to one class ™. For
example, instead of reading, “As a student, about how often have you done each of the
following?”, the question now read “As an engineering student....”. In the current study,
the ESMBS subscale scores were correlated with the SE scores using Pearson correlations.



2) Results and discussion

The correlation between student engagement and expectancy scores was statistically
significant, though it was not practically significant (Table 5). For this specific student
engagement survey, high scores represent higher levels of cognitive level, personal skills and
development, and cooperative learning, which all would be expected to lead to students with
high confidence and high expectancies for doing well. Thus, the low strength of the
relationship between expectancy and student engagement is unexpected. More research will
need to be done to see if these results are representative of engineering students as a whole.

Student engagement was found to have statistically significant correlations with all
subscales of value (utility, interest, attainment, and total), though only two of these subscales
(attainment and total) had practical significance, which was small. The strengths of these
relationships are relatively weak, which again was not expected given the theoretical
relationship between value and student engagement. Theoretically, one would predict that
students who are engaged would find engineering to be more useful, would have more interest
in engineering, and would feel like they gain more from engineering than those not engaged.

TABLE 5. Correlations between ESMBS items and Student Engagement

Correlations of student engagement with expectancy,

values, and costs

Correlation Effect size
(Pearson's rs) (rs)

Expectancy 279%* 0.078
Value: Attainment A462** 0.213
Value: Interest .315%* 0.099
Value: Utility A419%* 0.176
Value: Total 511** 0.261
Cost: Loss valued 297%* 0.088
Cost: Effort related 241* 0.058
Cost: Effort not related -.189 0.036
Cost: Psychological cost .068 0.005
Cost: Total 137 0.019
*Statistically significant results at .05. ** Statistically
Significant results at .01. Cohen’s benchmarks: 0.1 is
small, 0.3 is medium, and 0.5 is large.

For the cost construct, only loss of valued alternatives and effort related to engineering
showed significant relationships with student engagement. These relationships were positive
and statistically significant, though again not practically significant. This finding is unexpected,
as literature indicates that cost items should not be positively related with student engagement,
and that cost should actually lead to disengagement. Effort not related to engineering,
psychological cost, and the total cost subscale were not significantly correlated to student



engagement, though effort not related to engineering was the only cost item that shared a
negative relationship with student engagement. Again, this finding does not coincide with
previous literature and motivation theory. These findings could be due to multiple factors,
including an inability of the cost items to accurately measure cost within the context of
engineering. As previously stated, sacrifice and effort may not be perceived as negative
attributes of the engineering domain, therefore students may actually interpret these items in a
positive manner. Another issue could be the lack of internal consistency for the cost subscale.
Due to these unexpected results, further examination of cost within the context of engineering
must be conducted in order to accurately define and measure what cost means for engineering
students and professionals.

3. Conclusions from the external phase

The results of the external phase are mixed, with only expectancy items behaving in the
way that theory would predict. This could indicate a need for further work on the ESMBS, and
to rework items. More think-a-louds must be done to see how the engineering students are
interpreting the items before revisions are undertaken. In the case of the items that were not
related to student engagement, more research must be done to determine if these constructs do
relate in engineering and how they are related to each other in this domain. This research is
needed because certain aspects of cost may behave differently in a culture, like engineering,
that places value on the effort needed to succeed and the need for hard work [24][25]. The lack
of relationships found in this study could be due to the wording of the items, or could truly be
capturing the relationship between student engagement and motivational constructs within
engineering. Perhaps the issue could lie with the student engagement survey used, as it may not
capture all aspects of student engagement within the culture of engineering. Future research on
the ESMBS should use a different measure of engagement to see if the problem truly lies with
the SE items.

V. General discussions and conclusion

The current study utilized the Benson’s model of construct validation in the development
of the Engineering Student’s Motivational Beliefs Scale. After previously administering the
ESMBS to a smaller sample of engineering students, it was decided that a larger administration
was needed to examine the structure of the ESMBS. The second administration of this
instrument provided much information, and while the relationships between some items
changed from the previous small n study, other relationships stayed consistent, indicating the
need for further examination of these constructs. Specifically, the construct of cost warrants
further investigation within the specific context of engineering education.

Despite cost item 3 being the only cost item to consistently relate to other constructs as
expected, there are many issues with the item. For example, cost item 3 is the only reversed
scored item, as it was negatively worded in the study. This could have led to the
misinterpretation of the item, which may be seen in the large range of responses (Table 2) that
cost 3 has in comparison with the other items. The mean response for cost item 3 was also much
lower than the means for all other items on the ESMBS. When excluding cost item 3, the



Cronbach’s alpha for the cost subscale drastically increases (from .45 to .67), showing a
increase in internal consistency of the cost subscale. After removing cost 3 from the overall cost
subscale score, cost’s relationship with student engagement was shown to change. In the
original analyses of the relationship between student engagement and cost, the relationship was
found to be positive, but not significant (r=.137). Now, after removing cost item 3 from the
subscale total, the relationship between cost and student engagement remains positive, but,
becomes significant (.250) at the .05 alpha level.

In contrast with expectancy value theories of motivation, which dictate that cost should be
negatively correlated with expectancies, values, and student motivation M1 the revised
cost subscale in this study showed a positive and statistically significant relationship with these
constructs. As previously discussed, these unexpected relationships could be due to a number
of factors, though one particular hypothesis is of particular interest. It may be that the cost
construct behaves differently in the context of engineering, and that engineers view cost as a
positive attribute of their field, instead of a deterrent to motivation.

These findings pose interesting questions of whether or not cost behaves differently in the
context of engineering, and if the unexpected results of this study were due to this context
specific functioning of cost within an engineering culture. When taking out the divergent item,
cost 3, it becomes clear that there may be something else going on in engineering, and that
engineers may view cost as a positive attribute of their field. In order to study how cost
behaves in engineering, a new study will be conducted, with cost as the focus, in which
students are interviewed about their expectancies, values, and costs in regards to the
engineering major. By further exploring cost in new settings, we hope to inform EVC theory,
and further explain some of the inconsistent findings that we have seen while utilizing the
ESMBS.

A. Limitations

Perhaps the biggest limitation of this study is the extremely low Cronbach’s alpha found
for the cost subscale. Due to the low internal consistency of the cost subscale, all results
pertaining to the cost construct should be taken lightly and should not be used to do more than
to speculate about how cost behaves in the context of engineering. A major limitation is that
the students who chose to participate in this study may not be representative of all engineering
students. These students may be more engaged and motivated within the major, as shown by
their desire to volunteer for this study. Also, the university at which the study was conducted
has a unique general engineering program, in which students do not declare a specific
discipline within engineering, but instead are encouraged to explore the different disciplines.
Finally, it could be that the student engagement survey does not capture all facets of student
engagement, specifically within the domain of engineering. In the future, a different measure
of student engagement could be used to see if these relationships hold true.
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