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Relationships between Formative Assessment Participation, Summative

Achievement, and Task Value Beliefs

A sample size of 978 participants for this study included 160 (16.4%) females and
818 (83.6%) males which is close in representation to National Science Board (2018)
statistics. National Science Board reported an average enrollment of 20% women in
undergraduate engineering programs between 2010 and 2018. Although the portion of
females (i.e., 16.4% or 160) in the sample closely represents national average, however,
further distribution of this sample size into comparison-groups results in considerably
small samples compared to males. For example, out of 160 female students, 98 (61%)
students participated in one or more formative assessment quizzes and 62 (39%) did not
participate in any quizzes (see Table 4.4c). However, further breakdown of the female
participant group based on participation levels shows that there were only 13 (8%) female
students in low participation group, and 15 female students in moderate participation
group. The group sizes of low and moderate participation groups within females are not
only considerably smaller compared to male groups, but they are also smaller compared
to high and no-participation groups within female sample itself. The smaller sized
comparison groups within female participants and higher differences between male and
female groups for comparative analysis might impact the significance of the results (Peto

etal. 1976, p. 593, Lindley & Scott 1984, p. 3) in the context of this study.

Overall results of voluntary participation in formative assessment are encouraging
considering the fact that the assessments were completely optional, and no rewards were

associated with them. As can be seen in Table 4.2, overall participation in every set of
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formative assessment quizzes averaged to between a minimum of 48.3% for exam 3 and
a maximum of 55.5% for final exam. Similarly, cumulative participation for all sets of
formative assessments averaged for each semester ranged from a minimum of 38.5% for
spring 2021 and a maximum of 64.1% for fall 2020. Similarly, quiz-wise participation
also showed similar trends with each quiz having a participation from almost 50% of the
students (Table 4.3 a, b, ¢, & d). Prior studies (Kibble, 2007, 2011) have shown similar
participation trends (50% - 60%) when no rewards were associated with formative
assessments. Kibble (2011) further added that adding extra credit rewards increased
students’ participation in formative assessments in subsequent studies, however it also
caused a dissociation between formative assessment participation and achievement on
summative exams, and the dissociation increased as the rewards were increased.
Therefore, the researcher believes that in the light of Kibble (2011) findings, with
existing participation being completely voluntary, the further analysis results will be free

from dissociation effects of rewards.

Gender-based comparative analysis of formative assessment participation shows
that female students on average participated more than male students. The differences
were reflected both in terms of participant vs. non-participant comparison, but also in
categories based on participation levels. As shown in Table 4.4c, students who had at
least some participation in formative assessments (TQD) comprised between 61% - 67%
females, and 47% - 52% males. Similarly, high and moderate participation groups had
more females than males and low participation groups had more males than females.
Similar trends appear in achievement-based formative assessment participation

(Ac_FAP) as shown in Table 4.5c. Analysis of mean differences in total quizzes done
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(TQD) based formative assessment participation also showed higher participation among
females in terms of mean TQD compared to males. However, the only difference that was
statistically significant was for TQD before final exam. These findings contradict with
some empirical research findings (Hoskins & Van Hoof, 2005; Angus & Watson, 2009)
that gender has no significance and does not play any part in differential participation of
individuals in optional online quizzes. However, Forster, Weiser, and Maur (2018) found
statistically significant gender based mean differences in optional online formative
assessments with an effect size Cohen’s d of 0.27. Their findings provide empirical
evidence of gender differences with females showing higher participation in optional
formative assessments compared to males. Similarly, other studies in STEM education
also found that female students put in extra time and effort to complete bonus exercises
(Fischer, Schult, & Hell, 2013; Macher, Paechter, Papousek, & Ruggeri, 2012; Ramirez
etal., 2012, Tempelaar, Schim van der Loeff, Gijselaers, & Nijhuis, 2011, as cited in
Forser, Weiser, & Maur, 2018). Although research findings are not clearly decisive about
the reasons for differences in formative assessment participation based on gender, the
differences might be partially attributed to lower self-concept and higher anxiety among
female students in traditionally masculine STEM education (OECD, 2015; Chiesi &
Primi, 2010; Forser & Maur, 2015), which pushes them to use supplemental help

resources more than male students.

Analysis of students’ task value beliefs (see Table 4.8) showed overall higher
tendencies among students to value the course materials in terms of importance (78.4%),
usefulness (79.6%), and interest (73.3%). In terms of gender differences, more females

(79.4%) than males (78.2%) perceived the course materials to be important. Similarly,
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more females (81.3%) considered course material to be useful compared to males
(79.2%). However, in case of interest, more males (73.7%) reported the course materials
to be interesting than females (71.3%). These findings support the notion that students’
task value beliefs are expected to influence students’ willingness to invest more efforts in
formative assessment participation (Timmers, Braber-Van Den Broek, & Van Den Berg,
2013), because gender-based differences in formative assessment participation discussed
earlier already indicated more female participation in formative assessments compared to

males.

Students’ overall achievement scores on summative exams were found to be
skewed towards higher achievement. Analysis of gender differences in summative
achievement showed mixed results with males outperforming female students in midterm
exam 1 and 2, while females achieving higher exam scores compared to males in
midterm exam 3 and final examination. Although the only mean difference that is
statistically significant is for midterm exam 1, however, the insignificant mean
differences in summative achievement favoring female students might be attributed to
smaller sample size as discussed earlier. When students’ achievement on summative
exams was analyzed based on task value beliefs, it was found that positive task value
beliefs always favored higher summative achievement (see Tables 4.9 b, ¢, & d). For
example, students who considered course materials as important, useful and/or interesting
always performed better than those who reported the materials to be unimportant, useless,
and/or uninteresting to them. All the differences in mean achievements based on task
value beliefs were statistically significant except for midterm exam 3. These results

support already established research findings (Lawanto et al., 2014; Pintrich, 1999; Yoon
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et al., 1996) of positive relationships between students’ task value beliefs and their
academic performance (summative achievement in this case). This relationship might be
justified by association between task value beliefs and students’ self-regulated learning
behaviors (Lawanto et al., 2014; Metallidou & Vlachou, 2010; Pintrich, 2000, 2003).
Lawanto et al. (2014) explained that students with high task value beliefs are more self-
regulated learners with skills in effective goal setting, task strategies, help-seeking, and
self-evaluation. It might be safe to conclude that students with high task value beliefs put
effort and time in using formative assessments as an extra help resource to self-evaluate

their learning to achieve their set learning goals.

An extensive analysis of relationships between students’ formative assessment
participation, using different measures, and their summative exam achievement indicated
that students’ formative assessment participation has statistically significant positive
correlations with their summative achievements. Different measures of participation
included total formative quizzes done, scores on quizzes, attempts made on quizzes and
total time spent on quizzes. Formative assessment participation was found to be
positively associated with summative achievement irrespective of measure of
participation used. However, total quizzes done and scores on formative assessment
quizzes were found to be correlated with summative achievement stronger compared

other measures.

These relationships were further explored by measuring mean differences in
summative achievement that might be attributed to students’ formative assessment

participation using one-way analysis of variance (ANOVA). The results indicated that
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higher the difference in formative assessment participation, higher were the mean
differences in students’ summative achievement. Results coincide with findings from
various studies (Cummings, 2020; Forster, Weiser, & Maur, 2018; O‘Connell, 2015; Pick
& Cole, 2021) exploring relationships between formative assessment participation and
students’ summative achievement. However, it is worth mentioning that participation
measured as number quizzes done and scores on quizzes done corresponding to each
exam had stronger associations with scores on summative exams as compared to
participation in terms of number of attempts and time spent. The weak relationships using
number of attempts as measure of participation might be hypothetically attributed to
students making frequent attempts to know the answers rather than focusing on strategies
to actually solve the problems, however further research with focus on cognitive

engagement activities during participation might help explain this better.

Gender differences in summative achievement associated with differential
participation in formative assessments were found to be significant only for exam 1.
Mean differences in summative exam achievement based on different levels of formative
assessment participation for exam 1 were much higher for females compared to mean
differences for male students with different levels of participation. For midterm exam 2, 3
and final exam, male students showed statistically significant mean differences in exam
scores based on levels of formative assessment participation. However, for females these
differences were not statistically significant probably because of smaller sample size as
discussed earlier. Findings that female participants benefited more from formative
assessment participation compared to males (as in exam 1) partially contradict with prior

research findings (Forster, Weiser, & Maur, 2018) that males benefit more from
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formative assessment participation than females. However, these differences need to be

further studied with larger samples of females equitable in size as males.

Moderating role of gender, task values, and prior CGPA, in the relationship
between formative assessment participation and students’ summative achievement was
explored by using two-way ANOVA. Two-way ANOVA results found statistically
significant interaction effects of task value in this relationship. It was found that students
who had positive task value beliefs (i.e., importance, interest, usefulness) about course
materials showed statistically significant mean differences in their exam scores which can
be attributed to their formative assessment participation. However, students who had
negative task value beliefs, did not show any significant mean differences in exam scores
associated with formative assessment participation. One-way ANOVA was conducted on
the sample splitting based on task value beliefs to explore main effects of negative and
positive task values on students” FAP and summative achievement (See Tables 4.13a,
4.14c). Irrespective of measure of formative assessment participation used, students with
positive task value beliefs (importance, usefulness, and interest) showed statistically
significant mean differences in summative achievement based on levels of formative
assessment participation. On the other hand, students with negative task value beliefs
(unimportant, useless, and uninteresting) showed no statistically significant differences
(with few exceptions) in summative achievement based on no, low, moderate and high
level of participation in formative assessments. Interaction effects of prior CGPA and
gender were not found to be statistically significant. Which means relationship between
formative assessment participation and summative achievement had no differences based

on students’ prior CGPA or gender. This may also encourage the researcher to
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hypothesize that students irrespective of gender identity and prior CGPA might equally
benefit from formative assessments. Moreover, students’ cumulative grade point average
(CGPA) represents students’ overall performance on all previously studied courses which
may or may not relate to their performance on “Fundamentals of Electronics for
Engineers” course. This means, students’ CGPA does not necessarily represent students’
level of familiarity with and understanding of concepts that may or may not help their
performance on the course under consideration. Future research may consider students’
performance on the courses that may conceptually relate to this course as a confounding

variable.

As discussed in the light of literature earlier this moderating relationship of task
value beliefs might be attributed to association between task value beliefs and students’
self-regulated learning behaviors (Lawanto et al., 2014; Metallidou & Vlachou, 2010;
Pintrich, 2000, 2003). Positive task value beliefs as predictors of self-regulated learner
characteristics may justify the argument that these students set clear goals for learning
and employ effective self-regulated task strategies to self-evaluate their learning. They
put more effort and time in formative assessments to self-evaluate their learning.
Moreover they seek and use feedback effectively (Timmers, Braber-Van Den Broek, &
Van Den Berg, 2013) to learn and hence achieve better scores on summative

examinations.

Despite positive associations between formative assessment participation and
achievement on summative exams, there were instances (anomalies) where students with

high formative assessment participation achieved low scores on summative exams and



134

vice versa. To explore students’ reasons and motivations behind decisions to participate
or not to participate in formative assessments and its association with different
relationship between participation and achievement, a qualitative investigation into these
anomaly cases was conducted. As presented earlier, emerging theme explaining students’
reasons for differential formative assessment participation and summative achievements
were found to be partially dictated by their achievement goal orientations and strategies
influenced by these orientations. Students with mastery goal orientations tended to take
advantage of formative assessments as supplemental help resources to self-assess and
reflect on their learning and make use of feedback to improve their learning and hence
summative achievement. Students characterized by performance goal orientation used
two different approaches to formative assessment participation. Some used them as an
opportunity expecting to familiarize themselves with format of exam questions and be
able to achieve better scores on exams. While some others with similar goal orientations
did not participate because it was an extra time and effort with no extra rewards (credits)
that might be counted towards final grades. Yet some other students explained that they
used the assessments because they could assess their learning without being noticed by
someone. In that sense, these assessments provided an opportunity for students with
performance-avoidance goal orientation to self-assess their learning. Whether these
assessments helped students improve their summative achievement depended upon the
strategies and approaches they used. In purposive sample, students who employed self-
regulated learning strategies and used the assessments systematically in their SRL helped
them achieve higher achievement scores on exams. Similarly, students who used them

effectively to improve their exam scores also benefited from these assessments. However,
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students’ who participated in these assessments merely to see the type of questions and
made multiple attempts to find the correct answers without putting time to seek and use
the feedback, did not benefit from these assessments despite participation. These findings
are in harmony with Dijksterhuis et al. (2013) who found connections between
individuals’ preferences for various types of assessments and their achievement goal
orientation. More specifically, Dijksternuis et al (2013) states that performance goal
orientation is associated with preferences for high-stake summative assessments, where
competence is assessed against pre-defined standards, while mastery goal orientation is
associated with choices of learning through feedback, self-assessment, self-evaluation,

and self-reflection through formative assessments.

Conclusions, Implications, and Recommendations

The researcher would like to highlight the encouraging participation levels
(around 50%) across all eight semesters in completely optional online formative
assessments with minimal feedback. These levels were observed despite the absence of
any explicit motivation or incentives in the form of extra credit rewards. Even when
categorized based on levels of participation, most of the participants were falling into
higher participation categories. These trends show that at least half of the students opted

to participate in these assessments as their natural choice.

This dissertation research revealed that female students showed higher
participation in formative assessments compared to male students. Despite mixed
research findings about gender differences in formative assessment participation (see

discussion), higher formative assessment participation from female students has
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implications for supporting this traditionally underrepresented population to excel in
STEM disciplines. As discussed earlier, researchers attribute extra efforts and higher
participation in supplemental help resources among female students to a possible lower
self-concept and higher anxiety in traditionally masculine STEM disciplines. Therefore,
higher formative assessment participation may be more effectively used to favor females
in STEM. However, it is strongly recommended that future research further investigate
into gender differences in FAP and specific reasons and motivations behind these
differences. A qualitative investigation into why female students participate in formative
assessments, how they approach them to self-evaluate their learning and use available
feedback to identify and clear misconceptions (if any) will help improve assessment

design to support women particularly in engineering.

Analysis of relationships between formative assessment participation and
students’ summative achievement showed statistically significant correlations and mean
differences in summative achievement between no, low, moderate and high participation
students. All these comparisons favored formative assessment participation towards
higher summative achievement. It can be safely concluded that optional online formative
assessment participation has statistically significant positive association with students’
summative achievement. Moreover, weaker correlations and mean differences in case of
attempt-based FAP and time spent-based FAP raise questions which might need future

research.

Statistically significant interaction effects of students’ task value beliefs (i.e.,

importance, usefulness, and interest) in defining relationship between formative
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assessment participation and achievement on summative exams have implications for
enhancing students’ formative assessment participation and hence their achievement.
Research findings (Soltani & Askarizadeh, 2021) suggest that students’ conceptions of
learning positively affect their task value beliefs. Research also shows that task value
beliefs and conceptions about learning affect students to practice higher levels of self-
regulated learning strategies (Soltani & Askarizadeh, 2021; Lawanto et al., 2014;
Metallidou & Vlachou, 2010; Pintrich, 2000, 2003). Hence curricula planners,
instructional designers, and teachers may concentrate on promoting conceptions of
learning to improve students’ task value beliefs which in turn can affect their self-
regulation to make the most out of formative assessment participation. All these factors
ultimately enhance their achievement on summative examinations. It is worth
mentioning, that this research used students’ task value beliefs about the course material
as a whole, and not specifically related to the task (formative assessment) at hand. Future
research might consider students’ conceptions of learning in combination with task
values specifically regarding formative assessments at hand to further establish the

interaction effects.

This research found no interaction effects of gender and prior CGPA in
relationship between formative assessment participation and their summative
achievement. It can be concluded that formative assessment may help improve students’
achievement on summative exam irrespective of gender and prior performance on other
subjects. However, these findings are limited by two factors. Firstly, considerably low
number of female students (16%) compared to males might limit the generalization of

these outcomes based on gender. Secondly, students’ prior performance (CGPA) might
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not be very representative of their background, prior performance, and conceptions about
learning related to fundamentals of electronics. Future research might consider students
prior conceptions about learning related to this course, with samples including equitable

number of females to see if these findings still hold.

Very interestingly, qualitative investigation into specific cases selected based on
formative assessment participation and summative achievement connected another dot in
this network of relationships. Analysis of qualitative data revealed students’ learning goal
orientation as a major theme explaining differences in relationships between FAP and
summative achievement. As discussed earlier, both mastery and performance goal
orientations seem to contribute to students’ effective use of formative assessment
participation and hence their summative achievement. Research findings (Soltani &
Askarizadeh, 2021; Wolters et al., 1996) have already established the mediating role of
learning goal orientations in relationship between self-efficacy, task values and students’
self-regulated learning strategies. It can be confidently concluded that interaction effects
of positive task values in relationship between FAP and summative achievement can be
used to the benefit of students by identifying their learning goal orientations and
enhancing their conceptions about learning in the course through motivational elements

in instructional materials.

Although this study did not extensively focused on specific role of minimal
feedback in guiding students’ learning, however, availability of minimal feedback in the
form of short and quick references to related concepts used to solve given formative

assessment quiz questions may not be adequate to guide students’ learning. Lawanto,
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Minichiello, Uziak, and Febrian (2018) in an investigation into gaps in instructors’ and
students’ task interpretation found that students’ task interpretation is usually limited to
explicit interpretation (explicitly given information in problem statement). Moreover,
there are gaps in task interpretation (both implicit and explicit) between students and
instructors. It is recommended that students must be put into practice of understanding
and interpreting problem-solving tasks with focus on both implicit and explicit task
interpretation both in class and then in provided feedback to get the most out of automatic

feedback integrated into optional online formative assessments.



140

REFERENCES

ABET Engineering Accreditation Commission, Criteria for Accrediting Engineering

Programs, Baltimore, MD: ABET, Inc., 2015

Adesope, O. O., Trevisan, D. A., & Sundararajan, N. (2017). Rethinking the use of tests:

A meta-analysis of practice testing. Review of Educational Research, 87, 659 —

701. http://dx.doi.org/10.3102/003465 4316689306

Atkinson, J. W. (1957). Motivational determinants of risk-taking behavior. Psychological
review, 64(6pl), 359.

Bjork, E. L., & Bjork, R. A. (2011). Making things hard on yourself, but in a good way:
Creating desirable difficulties to enhance learning. In M. A. Gernsbacher, R. W.
Pew, L. M. Hough, & J. R. Pomerantz (Eds.), Psychology and the real world:

Essays illustrating fundamental contributions to society (pp. 56 — 64). New York,

NY: Worth.

Bjork, E. L., Little, J. L., & Storm, B. C. (2014). Multiple-choice testing as a desirable
difficulty in the classroom. Journal of Applied Research in Memory & Cognition,
3, 165-170. http://dx.doi.org/10.1016/j.jarmac .2014.03.002Glover, J. A. (1989).
The “testing” phenomenon: Not gone but nearly forgotten. Journal of Educational

Psychology, 81, 392-399. http://dx .doi.org/10.1037/0022-0663.81.3.392

Black, P., & Wiliam, D. (1998). Assessment and classroom learning. Assessment in

Education: principles, policy & practice, 5(1), 7-74.


http://dx.doi.org/10.3102/003465%204316689306

141

Blaxton, T. A. (1989). Investigating dissociations among memory measures: Support for
a transfer-appropriate processing framework. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 15, 657— 668.

http://dx.doi.org/10.1037/0278-7393.15.4.657

Block, H., & Burns, R. (1976). A meta-analysis of mastery learning through formative

assessment. Review of Research in Education, 4, 3-49.

Bloom, B. S., Madaus, G. F., & Hastings, J. T. (1971). Evaluation to improve learning.

New York: McGraw-Hill.

Boddy, C.R. (2016), "Sample size for qualitative research”, Qualitative Market Research,

Vol. 19 No. 4, pp. 426-432. https://doi.org/10.1108/QMR-06-2016-0053

Borrego, M., Douglas, E. P., & Amelink, C. T. (2009). Quantitative, qualitative, and
mixed research methods in engineering education. Journal of Engineering

Education, 98(1), 53-66.

Cerasoli, C. P., & Ford, M. T. (2014). Intrinsic motivation, performance, and the
mediating role of mastery goal orientation: A test of self-determination

theory. The Journal of psychology, 148(3), 267-286.

Chan, J. C., Meissner, C. A., & Davis, S. D. (2018). Retrieval potentiates new learning: A
theoretical and meta-analytic review. Psychological Bulletin, 144, 1111-1146.

http://dx.doi.org/10.1037/bul0000166



http://dx.doi.org/10.1037/0278-7393.15.4.657
https://www.emerald.com/insight/search?q=Clive%20Roland%20Boddy
https://www.emerald.com/insight/publication/issn/1352-2752
https://doi.org/10.1108/QMR-06-2016-0053
http://dx.doi.org/10.1037/bul0000166

142

Cho, K. W., Neely, J. H., Crocco, S., & Vitrano, D. (2017). Testing enhances both
encoding and retrieval for both tested and untested items. Quarterly Journal of
Experimental Psychology: Human Experimental Psychology, 70, 1- 60.

http://dx.doi.org/10.1080/17470218.2016 .1175485

Cowie, B., & Bell, B. (1999). A model of formative assessment in science

education. Assessment in Education: Principles, Policy & Practice, 6(1), 101-116.

Creswell, JW. 2002. Research design: Qualitative, quantitative, and mixed methods

approaches. New York: Sage Publications.

Creswell, JW., and V.L. Plano Clark. 2007. Designing and conducting mixed methods

research. Thousand Oaks, CA: Sage Publications

Creswell, J. W., & Clark, V. L. P. (2017). Designing and Conducting Mixed Methods

Research. SAGE Publications.

Cummings, A. T. (2020). Correlation of Student Participation in Practice Exams and

Actual Exam Performance.

Dixson, D. D., & Worrell, F. C. (2016). Formative and summative assessment in the

classroom. Theory into practice, 55(2), 153-159.

Douglass, J. A., & Bleemer, Z. (2018). Approaching a tipping point? A history and
prospectus of funding for the University of California. Berkeley, CA: Berkeley

Center for Studies in Higher Education



143

Duchastel, P. C., & Nungester, R. J. (1982). Testing effects measured with alternate test
forms. The Journal of Educational Research, 75, 309 —313.

http://dx.doi.org/10.1080/00220671.1982.10885400

Dweck, C. S., & Elliott, E. S. (1983). Achievement motivation. In P. Mussen & E. M.
Hetherington (Eds.), Handbook of child psychology (pp. 643-692). New York,

NY: Wiley.

Eccles J. S., Adler, T. F., Futterman, R., Goff, S. B., Kaczala, C. M., Meece, J. L., &
Midgley, C. (1983). Expectancies, values, and academic behaviors. In J. T.
Spence (Ed.), Achievement and achievement motivation (pp. 75-146). San

Francisco, CA: W. H. Freeman.

Elliot, A. J., & Harackiewicz, J. M. (1996). Approach and avoidance achievement goals
and intrinsic motivation: A mediational analysis. Journal of personality and

social psychology, 70(3), 461. doi: 10.1037//0022-3514.70.3.461

Fiel, R. L., & Okey, J. R. (1974). The effects of formative evaluation and remediation on

mastery of intellectual skills. The Journal of Educational Research, 68, 253-255.

Forster, M., Weiser, C., & Maur, A. (2018). How feedback provided by voluntary
electronic quizzes affects learning outcomes of university students in large

classes. Computers & Education, 121, 100-114.

Gall, K., Knight, D. W., Carlson, L. E., & Sullivan, J. F. (2003). Making the grade with
students: The case for accessibility. Journal of Engineering Education, 92(4),

337-343.


http://dx.doi.org/10.1080/00220671.1982.10885400

144

Glass, G. V., Peckham, P. D., & Sanders, J. R. (1972). Consequences of failure to meet
assumptions underlying the fixed effects analyses of variance and

covariance. Review of educational research, 42(3), 237-288.

Guskey, T. R. (1996). Implementing mastery learning (2nd ed.). Belmont, CA:

Wadsworth

Hackett, R. K., & Martin, G. R. (1998). Faculty support for minority engineering

programs. Journal of Engineering Education, 87(1), 87-95.

Harwell, M. R., Rubinstein, E. N., Hayes, W. S., & Olds, C. C. (1992). Summarizing
Monte Carlo results in methodological research: The one-and two-factor fixed

effects ANOVA cases. Journal of educational statistics, 17(4), 315-339.

Hoskins, S. L., & Van Hooff, J. C. (2005). Motivation and ability: which students use
online learning and what influence does it have on their achievement?. British

journal of educational technology, 36(2), 177-192.

Karpicke, J. D., & Roediger, H. L. (2007). Expanding retrieval practice promotes short-
term retention, but equally spaced retrieval enhances long-term retention. Journal
of Experimental Psychology: Learning, Memory, and Cognition, 33, 704 —719.

http://dx.doi.org/10.1037/0278- 7393.33.4.704

Kibble, J. D. (2011). Voluntary participation in online formative quizzes is a sensitive

predictor of student success. Advances in physiology education, 35(1), 95-96.


http://dx.doi.org/10.1037/0278-%207393.33.4.704

145

Kibble, J. (2007). Use of unsupervised online quizzes as formative assessment in a
medical physiology course: effects of incentives on student participation and

performance. Advances in Physiology Education, 31(3), 253-260.

Lavasani, M. G., Malahmadi, E., & Amani, J. (2010). The role of self-efficacy, task
value, and achievement goals in predicting learning approaches and mathematics

achievement. Procedia-Social and Behavioral Sciences, 5, 942-947.

Lawanto, O., Minichiello, A., Uziak, J., & Febrian, A. (2018, June). Engineering
Undergraduates’ Task Interpretation during Problem-Solving in

Thermodynamics. In 2018 ASEE Annual Conference & Exposition.

Lawanto, O., Santoso, H. B., Goodridge, W., & Lawanto, K. N. (2014). Task value, self-
regulated learning, and performance in a web-intensive undergraduate
engineering course: How are they related. Journal of Online Learning and

Teaching, 10(1), 97.

Lawanto, O., Santoso, H. B., & Liu, Y. (2012). Understanding of the Relationship
Between Interest and Expectancy for Success in Engineering Design Activity in

Grades 9-12. Educational Technology & Society, 15 (1), 152-161.

Liem, A. D, Lau, S., & Nie, Y. (2008). The role of self-efficacy, task value, and
achievement goals in predicting learning strategies, task disengagement, peer
relationship, and achievement outcome. Contemporary educational

psychology, 33(4), 486-512.



146

Lix, L. M., Keselman, J. C., & Keselman, H. J. (1996). Consequences of assumption
violations revisited: A quantitative review of alternatives to the one-way analysis

of variance F test. Review of educational research, 66(4), 579-619.

Looney, J. (Ed.). (2005).Formative assessment: Improving learning in secondary
classrooms.Paris, France: Organisation for Economic Cooperation and

Development.

Lyle, K. B., & Crawford, N. A. (2011). Retrieving essential material at the end of lectures
improves performance on statistics exams. Teaching of Psychology, 38, 94 —97.

http://dx.doi.org/10.1177/0098628311401587

Maguire, M., & Delahunt, B. (2017). Doing a thematic analysis: A practical, step-by-step
guide for learning and teaching scholars. All Ireland Journal of Higher

Education, 9(3).

Morris, C. D., Bransford, J. D., & Franks, J. J. (1977). Levels of processing versus
transfer appropriate processing. Journal of Verbal Learning and Verbal Behavior,

16, 519 -533. http://dx.doi.org/10.1016/S0022- 5371(77)80016-9

Morris, T.H. and Koénig, P.D. (2021), "Self-directed experiential learning to meet ever-
changing entrepreneurship demands", Education + Training, Vol. 63 No. 1, pp.

23-49. https://doi.org/10.1108/ET-09-2019-0209

Multon, K. D., Brown, S. D., & Lent, R. W. (1991). Relation of self-efficacy beliefs to
academic outcomes: A meta-analytic investigation. Journal of Counseling

Psychology, 38(1), 30-38. https://doi.org/10.1037/0022-0167.38.1.30



http://dx.doi.org/10.1177/0098628311401587
https://psycnet.apa.org/doi/10.1037/0022-0167.38.1.30

147

National Science Board. 2018. Science and Engineering Indicators 2018. NSB-2018-1.
Alexandria, VA: National Science Foundation. Available

at https://www.nsf.gov/statistics/indicators/.

Nicholls, J. G. (1984). Achievement motivation: Conceptions of ability, subjective
experience, task choice, and performance. Psychological Review, 91, 328-346.

doi:10.1037//0033-295X.91.3.328

O‘Connell, R. (2015). Tests given throughout a course as formative assessment can
improve student learning. In ASEE Zone I11 Conference (USA), Washington DC:

American Society for Engineering Education.

Olds, B. M., & Miller, R. L. (2004). The effect of a first-year integrated engineering
curriculum on graduation rates and student satisfaction: A longitudinal

study. Journal of Engineering Education, 93(1), 23-35.

Pastotter, B., & Bauml, K. H. (2014). Retrieval practice enhances new learning: The
forward effect of testing. Frontiers in Psychology, 5, 286.

http://dx.doi.org/10.3389/fpsyq.2014.00286

Peto, R., Pike, M. C., Armitage, P., Breslow, N. E., Cox, D. R., How- ard, S. V., Mantel,
N., McPherson, K., Peto, J., and Smith, P. G. (1976), "Design and Analysis of
Randomized Clinical Trials Requiring Prolonged Observation of Each Patient, I:

Introductions and design. British journal of cancer, 34(6), 585 — 612.

Pick, L., & Cole, J. (2021, March). “Building Students Agency through Online Formative

Quizzes. In The 17th CDIO International Conference.


https://www.nsf.gov/statistics/indicators/
http://dx.doi.org/10.3389/fpsyg.2014.00286

148

Pintrich, P. R., Smith, D. A. F., Garcia, T., & McKeachie, W. J. (1991). A manual for the
use of the Motivated Strategies for Learning Questionnaire (MSLQ). Ann Arbor,
MI: University of Michigan, National Center for Research to Improve
Postsecondary Teaching and Learning. Available from ERIC database.

(ED338122)

Pintrich, P. R. (1999). The role of motivation in promoting and sustaining self-regulated
learning. International Journal of Educational Research, 31(6), 459-470.

doi:10.1016/S0883-0355(99)00015-4

Pintrich, P. R. (2000). The role of goal orientation in self-regulated learning. In M.
Boekaerts, P. R. Pintrich, & M. Zeidner (Eds.), Handbook of self-regulation (pp.
451-502). San Diego, CA: Academic Press. doi:10.1016/B978-012109890-

2/50043-3

Pintrich, P. R. (2003). A motivational science perspective on the role of student
motivation in learning and teaching contexts. Journal of Educational Psychology,

95(4), 667-686. doi:10.1037/0022-0663.95.4.667

Popham, J. W. (2011). Transformative assessment in action: An inside look at applying

the process. Alexandria, VA: ASCD

Popham, J. W. (2008). Transformative assessment. Alexandria, VA: ASCD.

Pyc, M. A., & Rawson, K. A. (2009). Testing the retrieval effort hypothesis: Does greater

difficulty correctly recalling information lead to higher levels of memory? Journal



149

of Memory and Language, 60, 437— 447.

http://dx.doi.org/10.1016/j.jmI.2009.01.004

Roediger, H. L., Ill, Putnam, A. L., & Smith, M. A. (2011). Ten benefits of testing and
their applications to educational practice. Psychology of Learning and
Motivation-Advances in Research and Theory, 55, 1-36.

http://dx.doi.org/10.1016/B978-0-12-387691-1.00001-6

Roediger, H. L. Ill, & Karpicke, JD (2006a). Test-enhanced learning: taking memory

tests improves long-term retention. Psychological Science, 17, 249255.

Roediger, H. L., 1, & Karpicke, J. D. (2006b). Test-enhanced learning: Taking memory
tests improves long-term retention. Psychological Science, 17, 249 —255.

http://dx.doi.org/10.1111/j.1467-9280.2006.01693.x

Roselli, R. J., & Brophy, S. P. (2006). Experiences with formative assessment in

engineering classrooms. Journal of Engineering Education, 95(4), 325-333.

Rowland, C. A. (2014). The effect of testing versus restudy on retention: A meta-analytic
review of the testing effect. Psychological Bulletin, 140, 1432—-1463.

http://dx.doi.org/10.1037/a0037559

Saldana, J. (2009). The coding manual for qualitative researchers. Lontoo: SAGE

Publications Ltd, 3.

Scriven, M. (1967). The methodology of evaluation. Washington, DC: American

Educational Research Association.



150

Shepard, L. A., Hammerness, K., Darling-Hammond, L., Rust, F., Snowden, J. B.,
Gordon,E., et al. (2005). Assessment. In L. Darling-Hammond & J. Bransford
(Eds.), Preparingteachers for a changing world: What teachers should learn and be

able to do(pp. 275-326). San Francisco, CA: Jossey-Bass.

Shorten, A., & Smith, J. (2017). Mixed methods research: expanding the evidence base.

Steven R. Wininger & Antony D. Norman (2005) Teacher Candidates' Exposure to
Formative Assessment in Educational Psychology Textbooks: A Content
Analysis, Educational Assessment, 10:1, 19-37, DOI:

10.1207/s15326977eal1001_2

Shew, D. P., Maletsky, L. P., Clark, G., & McVey, M. (2019). Practice Exam Program
Impact on Student Academic Performance and Student Retention. Tampa,

Florida. https://peer.asee.org/33182

Slamecka, N. J., & Katsaiti, L. T. (1988). Normal forgetting of verbal lists as a function

of prior testing. Journal of Experimental Psychology: Learning, Memory, and

Cognition, 14, 716 —727. http://dx.doi.org/10 .1037/0278-7393.14.4.716

Soltani, A., & Askarizadeh, G. (2021). How students’ conceptions of learning science are
related to their motivational beliefs and self-regulation. Learning and

Motivation, 73, 101707.

Styhre, A. (2013). How to write academic texts: A practical guide: Student literature.


https://peer.asee.org/33182
http://dx.doi.org/10%20.1037/0278-7393.14.4.716

151

Szpunar, K. K., McDermott, K. B., & Roediger, H. L. (2008). Testing during study
insulates against the buildup of proactive interference. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 34, 1392-1399.

http://dx.doi.org/10.1037/a0013082

Thompson, C. P., Wenger, S. K., & Bartling, C. A. (1978). How recall facilitates
subsequent recall: A reappraisal. Journal of Experimental Psychology: Human

Learning and Memory, 4, 210 —221. http://dx.doi .org/10.1037/0278-7393.4.3.210

Timmers, C. F., Braber-Van Den Broek, J., & Van Den Berg, S. M. (2013). Motivational
beliefs, student effort, and feedback behaviour in computer-based formative

assessment. Computers & education, 60(1), 25-31.

Veltre, M. T., Cho, K. W., & Neely, J. H. (2015). Transfer-appropriate processing in the
testing effect. Memory, 23, 1229 —1237.

http://dx.doi .0org/10.1080/09658211.2014.970196

Verleger, M. A. (2016, June), Just Five More Minutes: The Relationship Between Timed
and Untimed Performance on an Introductory Programming Exam Paper
presented at 2016 ASEE Annual Conference & Exposition, New Orleans,

Louisiana. 10.18260/p.25510

Wigfield, A. (1994). Expectancy-value theory of achievement motivation: A

developmental perspective. Educational psychology review, 6(1), 49-78.

Wigfield, A., & Eccles, J. S. (1992). The development of achievement task values: A

theoretical analysis. Developmental review, 12(3), 265-310.


http://dx.doi.org/10.1037/a0013082

152

Wiliam, D. 2011. “What is Assessment for Learning?” Studies in Educational

Evaluation 37 (1): 3-14. doi:10.1016/j.stueduc.2011.03.001.

Wolters, C. A., Yu, S., & Pintrich. P. R. (1996). The relation between goal orientation
and students’ motivational beliefs and selfregulated learning. Learning and

Individual Differences, 8(3), 211-238.

Yang, C., Potts, R., & Shanks, D. R. (2018). Enhancing learning and retrieval of new

information: A review of the forward testing effect. npj Science of Learning, 3, 8.

http://dx.doi.org/10.1038/s41539-018-0024-y

Yang, C., & Shanks, D. R. (2018). The forward testing effect: Interim testing enhances
inductive learning. Journal of Experimental Psychology: Learning, Memory, and

Cognition, 44, 485— 492. http://dx.doi.org/ 10.1037/xIm0000449

Yang, C., Luo, L., Vadillo, M. A., Yu, R., & Shanks, D. R. (2021). Testing (quizzing)
boosts classroom learning: A systematic and meta-analytic review. Psychological

Bulletin.

Yoon, K. S., Eccles, J. S., & Wigfield, A. (1996, April). Self-concept of ability, value,
and academic achievement: A test of causal relations. Paper presented at the 1996
Annual Meeting of the American Educational Research Association, New York,

NY. Retrieved from http://www.rcad.isr.umich.edu/garp/articles/eccles960.pdf



http://dx.doi.org/10.1038/s41539-018-0024-y
http://www.rcgd.isr.umich.edu/garp/articles/eccles96o.pdf

153

APPENDICES



154
APPENDIX A: IRB - CERTIFICATE OF EXEMPTION
Institutiona| Review Board

DEFICE OF ,-"r o Exemption 82, 24
RESEARCH @ certonts o eeemion

UinhStatel lniversity o

From: Melanis Domenach Rodriguez, IRE Chair h=rhy
Micole Vaualis, IRE Director (0% el

Ta: Derardi Lowarnta

Dot November 10, 2021

Protocod &: 12377

Title: FORMATIVE ASSESSMENT IW ENGINEERING EDUMCATION: EXPLORING WA YS TO ENHANCE STUDENTS"
LEARMING ACHIEVERMENT

The Institutionsl Review Boand hes determined thak the sbove-referenced shudy i exempt from revies' under federal muideiines

43 CFR Fart 45.104/d] cotegory £2 and &;
Rasgorch that only incluges nferochions Mrvohing sducabional tests [rognithve, diognostic, cotiuoe, cohiewament]. suney
Frocedures, iNGeriew Dronedures, oF obsanation of pubic behowior [fnoiuging vius or ouditory recording | 7 ot keast ong
of the [ilowing oiteria i met: [i] The information cbioined & necorded in swot & manmer that Ehe igeatity of Ehe fumaon
SUEHRCTS Connol Maooiiy Do Gstantoingg, dinechy or thragh igentifiers inked to the sublact (i) Any cisciosure of tha
PREPOTERES OULSIZR NG METanrol KAouT ot Femsona iy poce i Subjects of fisk of criming o chal Sobifty oF be comoeging
fo ¢he suiiecss” finandal stancing, empioyobiity, edumbional covanmment, or eputation, or [{l] the inflrmction
oioined i recorded by te iMvastigotor in suck 0 mannar that v icentity of g humaon subyects an reodily he
arCantmined, difectly or CrouQh identifiers nied b0 the subjacts, and the IRS condUCEs & Fmited RS review to moke
Reseand Seconcory reseanch uses of identifiobie prvate information o igentifiabis bicspecimons, ifat kst one of tha
foowing criterio és mat: [i] the identifohie priveie information or idenhifsiie biospecimens ane pubilcly ovmilabia; ()
Information, whiCh Mgy InCwod iniThotion about biospenimens, i econted by T investiaoior in Such o Fonner that
the identity of the humcn subjiects connet reodily be ascevioined cinecty or through Bentifiars linkad to the aubjocts, the
investigeior does rot ove conbact with the subjacts, ond the investpeior will mot re-geshly subjects; or (A1) the reseand
invodives ol inflormation ColeCEion ond analysis invahing En invastigotnr's e of idantifiobi heoith information
weher Bhot use is raguictnd under HIPAA™,

A1M'PMMFMMIWWHmmmmmqﬂmmmmmmmmmﬁmﬁg
securng @thar HIPAA guthorizobon or @ Wonar of HIFAA cuthonzobon.

This msemgtion is valid for (e years from the dabe of this oormespondance, affter which the sty will b ciosed, | the rasaarch
will Evheni beyond five yars, it s your responsibility as the Prind pal InvestiEstor to notify the IR befiore the study's =upiration
dake and sutmit & new application to continue the ressanch. Ressanch actisties that conktinue beyond the expirstion date
withiowt s certification of et stabus will be invicistion of thoss faderal muidelres whicdh parmit the st stabus.

i this project insobes Mon-LUEU personnel, they mey not besin work on it [rezardiess of the approval stetus ot LEU] untila
Reliance Amresment, External Resesnc Azresment, or separsbe prodnood review bas been oomiplebed with the appropriate
et antity. bey schools will rok engeee in 8 Relisnce Azresment for Exempt protoools, 5o the resesnch beam must
determine what the approoriate soorowsl mecharsm is for their HNon-USU coliasmees. Az part of the 1R85 quality assurano
procecres, this resesrch may be randomiy selected for sucit curing the five-year pericd of seemption. If 50, youwill receive 2
reguest for completion of an Audit Report form during the month of the snniversary dete of this certificrtion

433.797.4821 | 1450 Oid Main Hill I Logan, UT 24321 MAIN 133 I irb@usu.edu I FWARDDOD330E




155

Imstitutions| Review Board

OFTCE OF -.--_-.\- mmpdion
RESFARCH Cerircate or Exemptin
Utnh&tateliniversity. “m,_;";

in all cases, itis your responsibility to nokify the IRE prior to making any changes to the study by submithing an Amendment
regueast This will docurment whether or niot the shudy still maets e requiremants fior senpt status under fageral remulstions.

Unon receint of this mema, you mey begin your resesrch. f you have questions, piease call the IR office ak (435) 797-13M or
email bo it usu.edu.

Thee |RE wishias you SUCOEST With your ressarch.

4337974521 L1450 Oid M ain Hill | Logan, UT 24322 FAIN 133 I irb@usy. edu I FWASDOODI30E




APPENDIX B: INFORMED CONSENT FORM

Fage Lol
Profacal i 12177
., AL Goserprizr Duter Rowarrizee 10, 3001
RESEARCH Comuart Docugmam Faplom: Dncareioee 11, 3032
W.lniuer::tv. feranZmeat Approeed [Verlas Nt Decemnber 3, 001

Informed Consant

FORMATIVE ASSESSMENT IN EMGINEERING EDUCATION: EXPLORING WAYS TD ENHANLCE STUDENTS' LEARNING
ACHIEVEMENT

You ars imated to PI'-I"ﬁI:i:IHI:E in & resesrch mur'b'f'l:lr.cl:mn:li Lawanta, 8 Professor in the EnE'ine:rinE Education
Departmient ak Utah Skate Uni'..ner:i'l',-_,mﬂ Azsad Igoel, & PhoD. Candigats in the Erﬁl’nzu‘irﬁ Education Department
at Utan State I.lniu:rsitlll..#_': part of the study, the resesrcher nesds your F:rmisn'-:ln t0 BCOESs pour Clazs reconds
|:i.=._. Ho. ufpmt:l:ine quiz::: Bitempted, sCores on prul:t'r:: q.lir.':es. Ma. of stt=mots on 2sch prachce |:|u'u. time
spent on =ach qui:,. scores for 3 midterm and final sxam;, and 'I‘inaIErud] for ENGR 2210 cowrss. The ressarcher will
also request that you to pronide some soesning information through s shart [about 3 minutes) survey. Based on
Ciazs records, and STEERET survey informstion you pn:r-'fdz. ] :ulrt'n:ipu'ru may be int:rui:w:d{ll:l—l-u min
duration|.

The purpose of this research is to investizate the reistionship between students’ participation in compietely
optional, online formetive assessments (practice quizzes) with minimal fe=dback and their learning achisvement
{i.:._.surnmat"-': AT sn:lrzs]. Ipterdiew with the selectad F-urlil:i:un‘ls I'l'llpr\m.'iu: irformation about their
firsthand experence of particpation or reasons for not parthcpating in prectice quizzes in ENGR 2210 course.

Your participation in this study is voluntary 8nd you may withdraw your participation at any time for any reason.
Your participation in this study will help nhance formative az=sement prectices in engineering education and
improve the instructional design.

This is & minimai risk research study. The risks assocated with participation in this study are no more likzly or serious
ihan thase you encournter in everyday activities. The foresesanle risks or discomforts inclsde loss of confidentiality.
Howewer the researchers suarantee to keep your responses confidentisl To minimize the risks and ciscomforts
rt;urdinE; n:hnl‘id:nﬁaitlll. the resesrchers will kzzp the tmmn‘ipﬁnn: of the interviews st the minimum length
meeded. Transoriptions will be phrased clearky and should not take a kot of time. Names in the interview transoipts
dats and dass reconds will be replaced with unidentifiznle aiphanumeric codes and the recordings will be deleted
immediately after the transcripkion process.

We will make every =ffort to ensure that the information you provided remains confidential. 'We will not revesl
'r'\:!uridml:it'r'inan,' ouslimtions, Fres:n‘mﬁms.. or reporis rﬁurl:inE from this ressanch study.

We will acoess your cass records wis Canvas and collect your information throsgh reconded interviews and 2
soresner survey. The researcher will collect the following class records vis Canvas: number of practice quizzes
attempted, soores on prul:h'c: quiz:::. number of atkempts on esch aractice |:|u'1. tme spent on ezch quiz, srores for
3 mict=rm ard firal exam, and 'ﬁnulsmu: or EMGR 2210 course. Online actrsities Blways Carry & nisk of a dats bresch,
out we will use Fysbems and processes that mindmize bresch opportunities. This dats and soreensr survey informiation
will be s=curely stored in & restricted-access folder on Box.com, an encrypted, doud-based Forage system and on 2
oazzarord-protected compuker owned by Utsh State University thak only the researchers are allowed to access.

If selected for the interview part of the study, you will be offered an incentive of $25 Visa gift card.
You can decline to participate in any part of this study for any reason and cen end your perticipation st any time.

I you havee: anvy questions about this study, you can contact Dr. Denardi Lawanto at olawanto Susu edu or Azsed igbal
at 435-754-E140 and mssad.ighal@usu.sduy

Thank you uE'uin for your time and considerabon. If you have any concemns &bout this studly, please contact Utah
Siate University's Human Resesrch Protection Office st (433 757-0367 or in@usuedu.

Department of Ensineering Education WA ERENEETINE LS Edu 4156000 Main Hill | Logan, UT 24322

156




157

FPagmZall
P \H Frataoal i 13177
Ao f X RAE Cxweriprien Diater: Blovernber 10, 3001
FESEARCH H el Corers Do oursert [apie: Decemiser 11, 303
W.lniﬂr:lt\l. .'-\._ _.-" feramnamest Approresd [Varlas NE Decemizer 7 2001

By signing below, you agres that you are 12 years of age or céder, and wish to partidpete in this study. You indicate
that you understand the risks and benefits of partidpation, and that you know what you will be asked to do. You slso
=gree that you have asked any questions you had and ane ciear on how to stop your participation in the study if you
choose bo do so. Flease be sune to retain & copy of this form Tor eur FECOrGs.

Purti:ipml:‘: S.iﬁnul:Lr\e Purticiparrt‘: Hame, Printed Duabe

Department of Ensineaning Edumtion | waw.engnesrnzumiedy | 416000 MainHill | Logan, UT 24322




158

APPENDIX C: SCREENING SURVEY

General Demographics

1. What s your age?

= Under 18 years
= 18-20vyears

= 21-24vyears

= 25-29years

= 30-39years

=  40-49years

= 50-64years

= 65+ years

2. What is your gender?

= Male
= Female
= Others:

=  Prefer not to disclose

3. Your major or intended major as of today (Check one);

= Computer Engineering

= Computer Science

= Electronic Engineering

= Aerospace Engineering

= Electrical & Aerospace Engineering
= Bioengineering

=  Mechanical Engineering

=  Civil Engineering

=  Environmental Engineering
= Undecided

= QOther (s):



4. Ethnicity (Please choose all that apply)

= Asian

= Black or African American

= Hispanic or Latinx

= Native American or Alaska Native

= Native Hawaiian or Other Pacific Islander

=  White
=  More than one race
= QOther

5. My Academic Status is:

=  Freshman
= Sophomore
= Junior

=  Senior

1% Generation Status

6. Did your parents complete a degree from a 4-year college or university?

e Yes (One of them)
e Yes (Both of them)
e No

Traditional — Non-traditional

7. Did you enroll in college within 12 months of graduating from high school or

earning high school equivalent certification?

e Yes
e No

159



8. What is the highest academic credential you have earned thus far?

e None
e High school diploma
e GED

e Vocational/technical associate degree
e Bachelor’s degree
e Master’s/doctoral/professional degree

9. Are you a single parent?

e Yes
e No

10. Have you received or are you currently eligible for financial assistance?

e Yes
e No
e | don’t know

11. Do you have dependents other than spouse?

e Yes
e No

12. What is your current enrollment status?

e Full Time
e PartTime

13. Are you employed full time working 35 hours or more per week?

e Yes
e No
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APPENDIX D: SEMI-STRUCTURED INTERVIEW PROTOCOL

Pre-Interview

Contact participant to remind them of the interview time, and share the link to video
conference (online meeting) or location of interview.

e Make sure audio-recording is working.

e Print out interview notes template and interview protocol.

e Arrive at interview location or join the video conference (online meeting) at least 10

minutes prior to scheduled time to set up interview space.

At the Time of Interview

[Participant enters the room or joins the online meeting]

[Interviewer greets participant and engages in friendly conversation.]

Interviewer: Do you have any questions about the study? Or would you like me to explain what is

happening today?

[Interviewer briefly outlines the interview protocol in various levels of detail based on the

uncertainty of the participant’s response.]

Interviewer: Thank you for deciding to participate in this study. | appreciate you helping me with
this research. If you could please complete the demographic survey before we begin. At any point
during the interview you can decide not to answer a question. Let me know when you would like

to skip a question. Also, please let me know if you need clarification on any of the questions?
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[Participant completes the following demographic survey. Researcher starts audio-recording

contingent on response.]

Demographic Information

Name:

Gender:

Engineering Major:

Ethnicity/Race:

Parents’ Education:

Current CGPA:

Non-Traditional Status:

Working (part/fulltime):
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Before we begin, I would like to remind you to please consider your responses in the context of
the course, Fundamentals of Electronics for Engineers (ENGR 2210) that you recently studied (or

currently studying).

1. What resources were available to you to help in learning the course concepts in ENGR 2210?
2. Which resources do you think were most helpful in learning the course concepts?
3. (if not mentioned earlier) — Do you know that there practice quizzes available to you in the

course canvas? (Yes, Continue to Section A) (No, Jump to section B)

SECTION A

4. Did you participate in formative assessments (practice quizzes) in ENGR 2210?

(Yes — Continue Section A —1, No — Jump to Section A — 2)

SECTIONA-1

5. How often did you participate in practice quizzes?

6. When did you participate in the practice quizzes? (prior to exam, after exam, close to exam)
7. How much time did you spend on each practice quiz, each question?

8. What did you do if you scored low on the practice quizzes?

9. Was there any feedback available in practice quizzes?

10. How effective was that feedback in helping you solve the quizzes?

11. What was the purpose/goal in your mind when participating in the practice quizzes?

12. How did you use practice quizzes to achieve your learning goals?

13. Did the practice quizzes help you achieve that goal?

14. If Yes, How did practice quizzes help you achieve your goal? (if answer yes to question ix)



15.

16.

17.

18.

19.

20.

21.
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What in your opinion could be changed about practice quizzes to make them more effective
in helping you achieve your learning goals?
What in your opinion could be changed about practice quizzes to enhance your motivation to

participate in practice quizzes?

SECTIONA -2

What were the reasons you did not participate in practice quizzes? Explain
What in your opinion could be changed about practice quizzes to enhance your motivation to

participate in practice quizzes?

SECTION B

If you were aware of the practice quiz resources, would you participate?
What in your opinion can motivate you to participate in practice quizzes?
What could have been done to make you aware about practice quizzes and other help resources

in course canvas?

NOTE: Responses to the above questions may lead to follow up questions necessary to

understand students’ experiences completely and may provide valuable insights into the issue

under study. Follow up questions may be asked as they emerge during the course of interview.

However, all the questions will only be related to the topic under investigation with no privacy

information. Also the interviewees will have a choice to skip any questions they don’t want to

answer at any stage of the interview
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APPENDIX - E: CURRICULUM VITAE — ASSAD IQBAL
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ASSAD IQBAL

735E, 800 N, 1, Logan, Utah, 84321 | assad.igbal@usu.edu [ (435) 754 — 8140

PROFILE

Extensive CE, EE, and CS teaching experience (13 years) in multi-cultural, multi-
national contexts

Employed research-informed, continuous improvement instructional-interventions
through integration of formative/summative assessment and feedback into instructional
design

Hands-on experience designing and developing research-informed curriculum and
instruction incorporating information/educational technologies

Extensive work experience developing and delivering face-to-face, online, and hybrid
courses using CANVAS

Extensive experience designing and developing online/offline resources to facilitate
students’ learning

Mentoring and career advising experience with Undergraduate engineering students
and teaching assistants

Supervised undergraduate electrical, computer, and information system engineering
capstone projects

Hands-on experience designing/conducting quantitative, qualitative, and mixed-
methods research studies

Hands on experience in qualitative and quantitative data collection, analysis, and
reporting/scholarly writing

Hands-on experience with SPSS, SPSS-AMOS, R, Python, MAXQDA, Excel for data
analysis & management

EDUCATION

PhD in Engineering Education (expected graduation: July 2022) 2019 — Present
UTAH STATE UNIVERSITY, ENGINEERING EDUCATION DEPARTMENT

MS in Engineering Management 2010-2011

UNIVERSITY OF ENGINEERING & TECHNOLOGY, TAXILA PAKISTAN

Postgraduate Diploma in Professional Project Management 2010 -2010

CENTER FOR ADVANCED STUDIES IN ENGINEERING (PDC-CASE),
PAKISTAN

BS in Computer Information Systems Engineering 2000 - 2005

UNIVERSITY OF ENGINEERING & TECHNOLOGY, PESHAWAR PAKISTAN


mailto:assad.iqbal@usu.edu
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TEACHING EXPERIENCE

ENGINEERING EDUCATION DEPARTMENT, UTAH STATE UNIVERSITY (2019 — PRESENT)

GRADUATE TEACHING ASSISTANT AND LAB COORDINATOR

Achievement & Awards:

Named as, “Graduate Student Teacher of the Year 2021” for sustained excellence in
teaching and learning facilitation, instructional design, and course and laboratory
coordination in “Fundamentals of Electronics for Engineers” course for 3 consecutive
years. This is a fundamental engineering course offered to all undergraduate
engineering programs, enrolled by 120 — 180 students every fall & spring.

Activities & Responsibilities

Helped develop and teach the course in traditional face-to-face, online, and hybrid
formats

Designed, developed, and facilitated synchronous/asynchronous online learning
experiences during COVID-19

Designed, developed and delivered simulation-based online laboratory experiences
Trained/mentored/coached 5-6 undergraduate teaching assistants to facilitate students
in the laboratory

Trained/mentored/coached 5-6 undergraduate teaching assistants in conducting and
facilitating online labs

Analyzed students’ and course canvas analytics for continuous instructional improvement
Helped course facilitator in design of instruction and curriculum for semi-flipped
classroom

BAHRIA UNIVERSITY ISLAMABAD, PAKISTAN (2008 — 2018)

ASSISTANT PROFESSOR, FACULTY OF ENGINEERING AND APPLIED SCIENCES

Achievement & Awards:

Progressed from Lab Engineer to Assistant Professor based on performance over 10 years
Named as “Best Teacher of the Year 2014” at the Department of Computer Science
Named “Best Project Mentor of the Year 2017” at Department of Electrical Engineering
supervising Electrical Engineering students’ capstone design Project

Students’ capstone design project paper accepted/presented in 2017 IEEE Global
Humanitarian Technology Conference (IEEE-GHTC), San Jose, CA.

Activities & Responsibilities

Teaching undergraduate Computer Systems and Electrical Engineering courses



Developed new syllabi, instructional materials, classroom and lab learning experiences,

Supervising/mentoring/advising undergraduate electrical/computer engineering

capstone design projects
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Grading summative assessment activities (assignments, homework, projects, quizzes)
Curriculum Development

summative and formative assessments, assignments and quizzes for Introduction to
Computers & Programming, Digital Logic Design, Advanced Digital Design, Microcontrollers

& Applications, Technical Writing & Presentation Skills, Technology Management and

Technology Entrepreneurship courses.

Mentoring & Advising

Worked one-on-one in office hours with students struggling with learning materials

Advised students on their course/semester/degree plans, registrations, and potential

careers paths

Advised and mentored student groups in capstone design projects and report writing
Delivered group mentoring and advising sessions for UG students, internees and

teaching assistants

Advised and facilitated new graduate teaching/research assistants and new faculty

Course

Majors

Digital Logic Design

Computer & Electrical Engineering

Advanced Digital Design with Verilog

Computer & Electrical Engineering

Microcontrollers & Applications

Computer Engineering (CE)

Microprocessor & Assembly Language

Computer Engineering (CE)

Intro. to Computers & Programming

CS, Computer & Electrical Engineering

Programming | & Il

Computer Engineering (CE)

Data Communication & Computer Networks

Computer Science (CS)

System Analysis & Design

Computer & Software Engineering

Fundamentals of Electrical and Electronic circuits

CS, Computer & Electrical Engineering

Computer Aided Engineering Design

Computer & Electrical Engineering

Data Analysis with Python and R

Computer Science and Engineering

Technology Management

Information Technology

Technology Entrepreneurship

Information Technology

Technical Writing & Presentation Skills

CS, Computer & Electrical Engineering
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UNIVERSITY OF ENGINEERING & TECHNOLOGY PESHAWAR, PAK (SEP 2005 — FEB 2006)

TEACHING ASSISTANT

e Design, develop, deliver practical laboratory learning experiences in digital and
electronic circuits

e Assess, evaluate and provide feedback on students’ laboratory learning experiences

e Facilitate students’ learning through simulation and practical hands-on circuits design
and analysis

TEACHING INTERESTS

e Digital Logic Design, Advanced Digital Design

e Assembly Language programming, Microprocessor-based System Design,
Microcontroller & Applications

e Fundamental CS, EE, CE and other Engineering and Applied Science courses

e Design & Analysis of Algorithms, Artificial Intelligence and Machine Learning

e Statistical Analysis as it applies to behavioral research data

e Enthusiastic to learn and teach new courses of interest and as required/assigned

e Developing Online, Face-to-Face, Hybrid Engineering Education instruction &
curriculum

e (Quantitative, Qualitative, Mixed, and Multi-Methods Educational Research Design

AWARDS AND SCHOLARSHIPS

e Received “Graduate Student Teacher of the Year 2021” (Engineering Education Department,
Utah State University)

e Nominated for “Outstanding PhD Scholar of the Year 2022" (College of Engineering, Utah
State University)

e Received “Bohne Memorial Scholarship, Utah State University 2021 ($2,500 cash award)

e Named as “Best Teacher of the Year 2015”, Department of Computer Science, Bahria
University, Pakistan

e Named as “Best Project Mentor of the Year 2017” Department of Electrical Engineering,
Bahria Univeristy, Pakistan
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RESEARCH EXPERIENCE
ENGINEERING EDUCATION DEPARTMENT, UTAH STATE UNIVERSITY (2019 — PRESENT)

PHD CANDIDATE

Doctoral Dissertation: Designed and conducted a Sequential Explanatory Mixed-method
research study to explore and understand the relationships between students’
participation in completely optional, online formative assessments with automated
feedback, their achievement on summative assessments, and their task value beliefs.
Outcomes include a conference paper accepted in 2022 ASEE Annual Conference [1]
and a journal paper under-review for publication in Advances in Engineering Education
(AEE) (Advisor: Dr. Oenardi Lawanto)

GRADUATE RESEARCH ASSISTANT

NSF AWARD # 2110769: Currently working on NSF research project to understand and explore
students’ self-regulation of cognition and motivation during engineering and
mathematics problem-solving activities using Sequential Explanatory Mixed-method
design under the direction advisor/PI (Dr. Oenardi Lawanto).

e Designed, developed, pilot-tested, and refined interview and think-aloud protocols for
data collection

e Led think-aloud, problem-solving, and semi-structured interview sessions for project
data collection

e Tailored standardized surveys on self-regulation of cognition and motivation to our
research context

e Leading/mentoring a team of undergraduates in transcription, coding and analysis of
think-aloud data

NSF AWARD # 1950330: Will be mentoring and coaching a woman undergraduate research
assistant from Utah State University, and a woman undergraduate research assistant
from University of Delaware in the inductive and deductive coding and analysis of
qualitative data as part of NSF funded multi-year project “Research Experiences for
Undergraduates (REU)” in summer 2022 (PI: Dr. Oenardi Lawanto).

NSF AWARD # 1950330 (SUMMER 2021): Worked as graduate research mentor to coach and
mentor two women undergraduate research assistants (a Hispanic from California State
University and an African American from North Carolina Agricultural and Technical State
University) in qualitative data coding, analysis and reporting, as part of NSF funded
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multi-year project “Research Experiences for Undergraduates (REU)” in summer 2021
(PI: Dr. Oenardi Lawanto)

e Guided and facilitated students to inductively code open-ended responses from 1237
respondents to explore and understand how these respondents adapted to unplanned
transition to emergency remote teaching and learning environment imposed upon
them in the wake of COVID-19 pandemic.

e This training led to a paper (under review) in Journal of Technology Education (JTE)

RESEARCH ON STUDENTS’ ADAPTION TO UNPLANNED TRANSITION TO ONLINE LEARNING
DUE TO COVID-19

e Prepared (qualitative and quantitative mixed response survey for data collection

e Collected data from 1237 students, studying 27 different courses in 7 US universities

e Analyzed quantitative data and reported findings as scholarly publication (IJEE under-

review)
e Delivered a seminar on the findings of the quantitative part of the study
e Worked with research team to code, analyze, and publish findings of qualitative data (3

papers)

NSF AWARD # 2011926: Led and facilitated online survey development, administration,
participant recruitment, and data collection for the NSF funded project, “Broadening
Participation Research: Testing the Efficacy of a Culturally Responsive Intervention to
Broaden participation and Improve STEM Retention at HBCUs” (Co-Pl: Dr. Oenardi
Lawanto)

CENTER FOR ADVANCED STUDIES IN ENGINEERING (CASE) ISLAMABAD, PAKISTAN (2011)

GRADUATE RESEARCH ASSISTANT (PART TIME)

Assisted Dr. Irfan Anjum Manarvi in mentoring and coaching MS Engineering Management
students in their research projects and scholarly publications as part of the graduate course
“Problem-Solving and Decision Making in Engineering”. Activities included guiding students
collecting data, selection of statistical analysis techniques and tests, making data driven
decisions, and reporting the results.

RESEARCH GOALS/INTERESTS

| aim to pursue a career in engineering education research and teaching. Building upon my
current research and teaching experience, | aim to explore and understand the possibilities of
innovative and inclusive instructional design to promote self-directed, self-regulated, life-long
learning among undergraduate engineering students through an integration of formative
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assessments and feedback. Specific subthemes to pursue in engineering education research
include mixed and multi-methods in engineering education, online and hybrid learning, impact
of formative assessments and feedback on students’ self-regulated, self-directed learning,
engineering problem solving, engineering design thinking, curriculum design and development,
professional development of engineering students, and entrepreneurial and creative mindset.

PUBLICATIONS

JOURNAL PUBLICATIONS

[1] Minichiello, A., Lawanto, O., Goodridge, W., Igbal, A., & Asghar, M. (2022). Flipping the digital
switch: Affective responses of STEM undergraduates to emergency remote teaching during the
COVID-19 pandemic. Project Leadership and Society, 100043.

[2] Igbal, A., Lawanto, O. (under review). Participation in Online Formative Assessments with
Minimal Feedback and Students' Learning Achievement in a Large Fundamental Engineering
Class. Advances in Engineering Education

[3] Lawanto, O., Igbal, A., Goodridge, W., Minichiello, A, , & Asghar, M. (in press). Unexpected and
Unplanned Changes resultant to a shift from Traditional Face-to-face to Online Learning:
Developing an understanding about online learning features and students’ feelings. Special
Edition of the International Journal of Engineering Education (lJEE).

[4] Lawanto, O., Igbal, A., Goodridge, W., Minichiello, A., Galindo-Guerrero, C., & Sneed, A.
(submitted). Adaptation in Unplanned and Unexpected Online Learning in Post-Secondary
Education. Project Leadership and Society, Special Paper Collection on Digital Learning and
Education in a Project Society.

[5] Igbal, A., & Manarvi, I. A. (2011). Teachers' attitudes and perceptions for alternative assessment
techniques: a case study of Pakistani universities. International Journal of Teaching and Case
Studies, 3(2-4), 131-146.

[6] Begum, Z., Khan, I, & Igbal, A. (2011). Socioeconomic status of the girl students and their
dropout rate at primary level in FR Kohat (FATA-Pakistan). European Journal of Social
Sciences, 20(2), 356-384.

CONFERENCE PRESENTATIONS/PUBLICATIONS

[7] Igbal, A., & Lawanto, O. (accepted). Work in Progress: Improving Students’ Learning
Achievement in Large Undergraduate Engineering Classes: Taking Advantage of Online Formative
Assessments with Minimal Automatic Feedback submitted to 2022 ASEE Annual Conference

[8] Lawanto, O., & Minichiello, A., & Iqbal, A. (2019). Work in Progress: Understanding Student Self-
regulation during Engineering Problem Solving: A Preliminary Study. In 2019 ASEE Annual
Conference & Exposition, Tampa, Florida. 10.18260/1-2--336509.

[9] Igbal, A. & Khan, M. S. (2017). Customizable Timing Control Device for Home Gas Appliances. In
Global Humanitarian Technology Conference (GHTC), 2017 IEEE.

[10] Shah, S. H., Igbal, A., & Shah, S. S. A. (2013). Remote health monitoring through an integration of
wireless sensor networks, mobile phones & Cloud Computing technologies. In Global
Humanitarian Technology Conference (GHTC), 2013 IEEE (pp. 401-405). IEEE.

[11] Igbal, A., Ali, Q., & Pirzada, D. S. (2012). Productivity measurement issues in education sector of
pakistan. In Global Humanitarian Technology Conference (GHTC), 2012 IEEE (pp. 398-402). IEEE.
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[12] Siddiqui, M. H., Igbal, A., & Manarvi, |. A. (2012). Maintenance Resource Management: A key
process initiative to reduce human factors in aviation maintenance. In Aerospace Conference,
2012 IEEE (pp. 1-7). IEEE.

[13] Igbal, A., Chishti, M. E. U. H., & Nisar, A. (2011) Reengineering the Undergraduate Engineering
Final Year Projects Framework through an integration of Concurrent Engineering Principles.
Presented in Asian Conference on Education, Osaka Japan (2011)

BOOK CHAPTERS

[14] Hussain, M., Manarvi, I. A., & Igbal, A. (2013). Defect Trend Analysis of MI-172 Helicopters
through Maintenance History. In Business Strategies and Approaches for Effective Engineering
Management (pp. 111-126). I1GI Global.

[15] Rafig, H. A., Manarvi, |. A., & Igbal, A. (2013). Identification of Major FOD Contributors in Aviation
Industry. In Business Strategies and Approaches for Effective Engineering Management (pp. 237-
250). 1GI Global.

[16] Qazi, M. A., Manarvi, |., & Igbal, A. (2013). Component Failure Analysis of J69-T-25A Engine.
In Business Strategies and Approaches for Effective Engineering Management (pp. 128-141). IGI
Global.

PROFESSIONAL MEMBERSHIPS, ACADEMIC SERVICES,
LEADERSHIP/OUTREACH

Journal/conference Reviewer
e |EEE Transactions on Education Journal
e American Society of Engineering Education (ASEE) Annual Conferences (2020, 2021,
2022)
e |EEE Global Humanitarian Technology Conference (GHTC) 2012, 2013, 2014

Professional Memberships
e Student Member of American Society of Engineering Education
e Student Member of Institute of Electrical and Electronics Engineers (IEEE)

Committees (Bahria University Pakistan)
e Member industry-academia linkage committee
e Member curriculum development and revision committee
e Member, Departmental Self-Assessment Committee
e Member, Departmental Quality Assurance Committee
e Member, Admissions’ Committee
Leadership and Outreach

e President, International Students Council, Utah State University (summer 2021 — spring
2022)

e Vice President Finance, International Student Council, Utah State University (fall 2020 —
spring 2021)

e Board Member, International Friends Program, Utah State University (Spring 2021 —
spring 2022)

e Executive Secretary, International Student Council, Utah State University (Spring 2020)
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e Coordinator, students’ career and professional development, Bahria University, Pakistan

(2016-2018)

e Faculty Advisor, Students’ Resource Center and clubs, Bahria University, Pakistan (2014

—2016)

Dr. Oenardi Lawanto
(PhD Major Advisor)

Professor, Engineering
Education Department

College of Engineering, Utah
State University, Logan Utah

Email: olawanto@usu.edu

Phone: (435) 797 - 8699
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Dr. Angela Minichiello
(Research Committee Member)

Associate Professor, Engineering
Education Department

College of Engineering, Utah
State University, Logan Utah,
84322, USA

Email: angie.minichiello@usu.edu

Phone: (435) 797 - 6370

Dr. Cassandra MccCall
(Research Committee Member)

Assistant Professor, Engineering
Education Department, College of
Engineering, Utah State
University, Logan Utah, 84322,
USA

Email:
Cassandra.mccall@usu.edu

Phone: (435) 797 - 0944
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APPENDIX F: GLOSSARY OF TERMS
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ACRONYM

Description

FAP

Formative Assessment Participation

SA Summative Achievement

TQD Total Quizzes done

TQD-FAP Total Quizzes Done-based Formative Assessment Participation
Ac_FAP Achievement-based Formative Assessment Participation
At_FAP Attempts-based Formative Assessment Achievement
TS_FAP Time Spent-based Formative Assessment Participation
TVs Task Values

SD Standard Deviation

ANOVA Analysis of Various

AIS Academic and Instructional Services

uUsu Utah State University

IRB Institutional Review Board

FERPA Family Educational Rights and Privacy Act




