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Using Mixed Mobile Computing Devices for
Real-Time For mative Assessment

Abstract

Increasingly affordable mobile computing devices ba used effectively to facilitate real-time
formative assessment. Students equipped with pabled Android devices, iPads, iPhones
and/or tablet PCs can use digital ink to reveadl tinnking as they construct new
understandings of concepts.

InkSurveyis free, web-based software (ticc.mines.edu) aesigpecifically for collecting
student responses for real-time formative assedsmaring the learning process, the instructor
poses open format, embedded questions to probergtudderstanding. Students respond with
words, drawings, graphs, or equations “inked” dhegitheir own devices or those provided by
the institution. The construction of these respgsractively engages the students with the
subject material and increases student metacognifitie instructor, instantaneously receiving
this feedback, has a real-time glimpse into thedsiiof the students and can address lingering
guestions, repair misconceptions, and make betepficlass time.

We describe significant recent improvementiikSurveythathave made it more fully

functional on a greater variety of devices and nuser-friendly for both instructors and
students. Specific classroom examples and reg@ltsrasented to illustrate student
metacognition, how student thinking changes oveetiand changes in instructor responses and
approaches to learning. Potential use of this teldgy-based teaching tool outside of the
traditional classroom, for example in a distan@+erg environment or for Just-in-Time
Teaching (JITT), is also discussed.

To provide additional context, a brief overview suarizes some of the varied applications and
settings in engineering education in which theafdekSurveyhas been previously explored:
increasing learning gains, improving problem-saivekills, and enhancing learning gains
achieved when coupled with computer simulationalfime formative assessment collected
with InkSurveyis blind to gender, personality biases, and atheneotypes, making it a
particularly effective tool in group and cooperatiearning environments. This also opens the
door to additional applications in non-academitirsg$ as well.

I ntroduction

When the National Research Council tackled the ¢slompiling what we know about how
people learn, their report in 2000 distilled fingsnarising from the recent explosion of multi-
disciplinary scientific studies of the mind, theior, the process of thinking and learning, and the
associated neural process@hey concluded that key research findings frometimerging

science of learning point to four attributes the¢d to be cultivated when designing
environments for optimal learning; one of thesiaguent formative assessments (p.24). Over a
decade has passed. Recently, another NationahfRRbsgouncil committee of experts
considered best practices for developing deepenmitgaand 21 century skills and released their
recommendations, which again included the userofidtive assessmeht.
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Real-time For mative Assessment

In 1998, Black and Wiliathpublished an influential meta-analysis of 250cket and chapters
about formative assessment; their broad workingdiein remains widely used today. With
strong theoretical underpinnings, formative assessimcludes all activities performed by
instructors and students to provide informationustudent understanding during the learning
process; this evidence is then used to give stadeatlback about their understanding and adapt
subsequent teaching and learning strategies to shesnt needs. As the label has become more
widely (and sometimes inappropriately) used, otherge issued reminders that formative
assessment is not about the instrument, but rétiketynamic process?- *°

It has been particularly challenging to incorpotéie process of formative assessment in the
higher education settirfgIdeally, formative assessment should be searglessbedded in
instruction, to capture students’ thinking whileytare constructing new understandingso,

in order to be effective in influencing subsequestruction and learning (that is, in order to be
“formative”), the instructor needs to receive ardpond to student input in a timely manher.
Without technology, all of this tended to be a cemsbme and time-consuming process.
Personal response devices (“clickers”) and oth#mgadevices, which have become widespread
in the last decade, allow instructors to collecttiple choice and short numerical student
responses quickly and painlessly; these can prafigetive real-time input for formative
assessment. Their limitations, though, cannoghered: difficulty of essential divergent
assessment (assessing students’ ability to sudceedre open-ended tasks involving higher
level thinking skills)? distortion of student responses by providing aunefipossibilities,
raising the noise-to-signal ratio due to guessamgl inability to simulate most job-like
environment$.

There are a variety of ways to overcome these ahimings. One possibility is to have students
equipped with pen-enabled mobile devices (Tablet, AQdroid devices, iPads, iPhones, etc.)
respond to open-format questions posed by theuictsir, who receives the student responses
instantaneously. Although until recently this veast-prohibitive in most educational settings,
the increasing availability of inexpensive mobilvites has now made this more practical.
There are other software products available thaldcacilitate this €.g.,Classroom Presenter),
but here onlynkSurveyis discussed. After a short descriptionrddSurveythe student
perspective, the teacher perspective (includingjernges to be met), and various applications
are discussed.

InkSurvey

InkSurveyis web-based software designed specifically tdifaie the collection of student
responses for real-time formative assesstigeii; available for free at ticc.mines.edu. During
the learning process, the instructor can use endebdpen-format questions to probe student
understanding. Students acckgsSurveyto respond with words, drawings, graphs, or equati
“inked” on either their own devices or those praddy the institution. The instructor,
instantaneously receiving this feedback, has atme@ glimpse into the minds of the students.
This insight into student thinking and understagdimen allows the instructor to address
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lingering questions, repair misconceptions befbeg/tare deeply rooted, and make better use of
class time.

SincelnkSurveyis web-based, it is not essential that all studenices being used in a
classroom be alike. Also, it means there is notiindownload onto the devices locally. This is
significant since many students walk into claseadly equipped with personal mobile devices
that can be used for constructing real-time respets open-format questions posed by the
instructor to probe their understanding. In additio relieving the institution of the expense of
providing and maintaining devices for studentss thivery attractive since it 1) eliminates class

time needed for distribution and collection of am4d, and 2) allows students to more seamlessly

integrate their preparation of responses with othess activities, such as note-taking or doing
calculations, on their personal devices.

Currently,InkSurveyis fully functional on the following pen-enabledhile devices: Tablet
PCs (using the Firefox browser), iPads, iPhones Aardroid (4.0 or better) devices. Recent
improvements ensure that the display expands ttuthecreen on all of these devices, making
graphical input easier.

Since the instructor controls when and how manstijoles are launched, it is possible to use
InkSurveyfor differentiated learning. For example, thetinstor can initially pose a question
about a concept that has just been covered in. cl&$gn submitted student responses indicate
that at least some students have mastered thisydtnector can then activate another question,
perhaps for enrichment or involving another appiacaof the same concept, to continue to
engage the faster students while other studentso@nto work on the original question. In this
way, an instructor can better meet the needs tdrdifit students, even in a large-class setting.

Student Engagement

Constructing a response with digital ink clearlguges a student to interact with the concepts
being presented in a much more active way than siogdy sitting in a lecture. Designing
classroom experiences around such active leartiatggies has widely accepted theoretical
underpinnings. In a survey of 19 faculty memberagi$ablet PCs around the world to facilitate
real-time formative assessment, respondents siyraggeed that this teaching model engages
their students in a manner unmatched by their ptesvelassroom teaching experientéss
worth noting, however, that this active role cagate some stress for students if they see real-
time formative assessment as requiring them tofép@r’ immediately when learning about a
new concept. Just as when using clickers for ig@-formative assessmefitstudents will be
more welcoming of both constructing responses andiving feedback if they understand this
process is based on the instructor’s interestfining their understanding and repairing
misconceptions.

One advantage of the process of formative asses$ssndie increase in student
metacognition—that is, students come to realize what they damiw, what they do know, and
how they know it. A corollary of this is that onstidents realize they don’t know something,
they are more receptive to instruction and arefipd” to learn. This motivation is difficult to
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measure, but appears repeatedly in student atswdeys we have collected. These two
examples of student comments reflect some of tieses:

* “lt's good to be able to formulate an answer righiy to see if you understand it.
Without it, when a professor is teaching sometimag, you think you know how to do it
until you try to work on it later and realize thevas an aspect you needed clarification
on. By working on a problem right awaylmkSurveyyou find out immediately which
points are clear and which are not. The profesisorsees right away if | need more help
or have things wrong. It sometimes... makes mezealknow something better than |
thought | did or | already knew how to do it andttit's not as scary as it may seem when
it's presented.” Submitted by an engineeringsyas student, Fall 2012

« “I find that InkSurveyhelps me realize if | do not understand a condmrptthe lecture
afterwards helps me actually understand the mateestter....” Submitted by a chemical
engineering student, Fall 2012

By comparing responses from a single student triasof open-format questions posed with
InkSurveyone can see how student thinking changes over. tiilne example comes from
application of the standard deviation of the medirjone in one class period in an engineering
physics course. The students were given the protilatmlack was caught with 100 beans in his
pocket in a small town. There is only one store siglls beans and we know the mass
distribution of those beans. Questions A and B déh this application of the distribution of
mean values.

Question A: How would you know if Jack stole thdsans from the town store? The particular
student we are following submitted this response:
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In this response, the student does not utilizartass distribution of the means for groups of 100
beans, but rather uses the distribution of indiaidhean masses. About half of the other student
responses shared this misconception. Thereforébée& was given in the form of a short
lecture on the distribution of mean values.

Next, the students were presented with QuestiodBkitch and label a graph which allows a
guantitative measure of the chance that the beans stolen. Following the thoughts of the
same student, this is the response submitted:
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Here the student gives details of how the calawteis to be done, but still does not understand
the advantage in using the distribution of meanesffor 100 beans. Instead, he/she continues
thinking only about the distribution for individulaéans. Since this misunderstanding persisted
in about one third of the responses, it was agadiiesssed in a short lecture on the solution to
Question B.

Finally, the students were given the problem oédwatning the arrival time of a pulse of 100
neutrinos at some distance L from the source;ishislated to the recent neutrino experiment
that reported motion faster than the speed of bajiat was therefore of particular interest to the
students. Question C deals with this applicatibthe distribution of mean values: Sketch a
graph that indicates how to calculate the 100-nreasent average of neutrino arrival times
occurring just by chance.

The student we are following submitted this respons
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This response indicates that the student now utadets that the distribution of mean values
leads to less uncertainty in determining the attivae as opposed to using the distribution of
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individual arrival times. This response also intksaan understanding of how to calculate the
probability that the value obtained could occut juschance, and how to transfer the concept
between different contexts. Considering each adalresponses as a snapshot of student thinking
at a particular moment in the class, one can seprtbgressive construction of new, successful
understanding of the underlying concept.

There has been a lively debate in the literatupaiithe validity of attributing specific learning
gains to the formative assessment process in piati¢'* The crux of the concern is in
determining how effectively the information provity the student is used by the instructor to
inform subsequent instruction that closes gaps é&tvwhe current and desired levels of student
understanding. Even though we recognize the niégeggreater attention to the nature of the
instructor response to correlate student learnagsgand the formative assessment process,
initial studies of the effectivenesslokSurveyhave not addressed this rather elusive metric
directly. However, in the sequence of student rasps above, it seems there is at least a strong
possibility that the changes over time in the tingkof this student are in response to the process
of real-time formative assessment, and that thelyimguiding feedback provided by the
instructor would only be possible when the instoudias a real-time glimpse into the minds of
the students, to see their thinking at that pairitme.

Instructor Engagement

To date, the largest class in which we have Uisk8urveyto collect student responses for real-
time formative assessment had 80 students. Aructst might be apprehensive (or downright
frightened) about receiving such a large numbestuwdent responses at once. Since the questions
are open-format, one needs to look over the regsonslividually, rather than aggregate data of
percentages correct delivered by the software. é¥ew those concerns are allayed by two
important considerations. First, student responsisot all arrive simultaneously, since not all
students work at the same rate. This providegpaortunity for the instructor to view the
incoming responses and consider his/her best respgidditionally, it also provides an
opportunity to coach students with gentle reminaérisnportant things the early responders may
have overlooked or failed to incorporate in thesponses.) Secondly, one must consider the
graphical nature of the responses. A picture (aplg or diagram) can indeed be worth a
thousand words in response to a question probudest understanding, and a quick glance at
these student responses can reveal much aboubhstudterstanding and misunderstanding.
Multi-sentence prose responses are more diffioudissess quickly and present a greater
challenge in large classes.

Whatever the format of the responses, howevelingtaictor response is a critical component of
the formative assessment process. In an influewbak on formative assessment and the design
of instructional systems in 1989, Sadfgminted out the “puzzling observation that evenmvhe
teachers provide students with valid and reliabtigments about the quality of their work,
improvement does not necessarily follow. Studeften show little or no growth or
development despite regular, accurate feedbacknyiing to improve the chances of student
progress, he highlights the importance of studdet®loping the capacity to monitor the quality
of their own work, based on an appreciation of gpelgallmarks of high quality work. This can
be facilitated withnkSurvey as exemplary responses from students can beagespto the
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entire class and discussions can go far deeper‘tibarect” and “incorrect” and students can
gain practice in evaluating their own responsesmparison.

Skilled instructors translate their interpretatiaishe formative assessment results into
instructional actions that match the learning nesfdie student$® blurring the line between
scaffolding and formative assessment to move legrftirward™* The real-time nature of
InkSurvey although very powerful, places a special pressarthe instructor. No longer can the
instructor come to class with a clear, well-defisedpt for the day’s lecture. Instead, the
instructor finds himself metaphorically “negotiagia swiftly flowing river” in class? This
requires agile teaching and the flexibility to dedth the unexpected, which is perhaps outside
some instructors’ comfort zones, particularly fowites or those not confident of the subject
matter> Additionally, it encourages the instructor togihought beforehand to possible student
misconceptions and alternative routes for constrigatorrect understandings, so that on-the-fly
adjustments may be more effective. Also, the imsigained by the formative assessment can
be useful for planning subsequent class sessiohsthWr immediate or delayed, though, the
responsive action by the instructor must accomplaayntent of gathering the student responses
to inform instruction.

Elsewhere, there are indications that the greatesdtenge for instructors is in knowing what to
do once the student responses have been receiadiritructor conveys the attitude of looking
solely for a particular response, this can actualybit future learning of the studeht.
Furthermorea study involving 118 math instructors teachimgé common mathematical
principles found that teachers are better at ifi@gng principles and drawing inferences about
students’ understanding than they are at decidiagext instructional steps.In another recent
study’ of how middle school mathematics teachers respotuiimative assessment received
from their students revealed a broad range of resgg) from simple binary statements (“I learn
whether they get it or not”) to highly nuanced alvaéons about students’ understanding of
details and processes. The most highly nuanceghissinto student understanding described in
the study involved explorations of students’ thimkisuch as examining where a solution
method broke down and why. Although these professiy-trained teachers were not
necessarily receiving the student responses maaldnd needing to change instructional
strategies on the spot, the researchers noted thathrtunately, it was rare to encounter instances
in which practices embodied all the ideal charasties of formative assessment (i.e., assessment
with instructional improvement as its purpose), sihoccurred frequently and were related to
content currently being taught, as well as weregrated thoughtfully with instruction” (p. 27). @n
more upbeat note, the study concludes that formatbsgsessment has great potential to improve
student learning and is still a relatively new nsetland practice for most instructors.

The richness of the feedback instructors can get fposing open-format questions with
InkSurveycan inspire in-class exercises that lead to saamt increases in student understanding
of concepts. In an actual classroom example iluia Mechanics course, students were asked
the following series of questions usimkSurvey

1) What is a fluid?

2) What is viscosity?

3) a) Would you expect liquid viscosity to increaselecrease with increasing temperature?

Explain.
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b) Would you expect gas phase viscosity to increaskcrease with increasing
temperature? Explain.

Many student responses to the first question weoel gSome answers were along the lines of
“Fluids will flow when a shear force is appliedtteem” and “A fluid is a liquid or something

that flows as a liquid does” and “A fluid is a flowg substance that has a measurable viscosity.”
However, common misconceptions were also identifiehswers to the first question,

including that: 1) a fluid is specifically a ligljias if the two were synonymous, 2) a fluid is
incompressible by definition, and 3) a fluid fiits container.

Answers to the second question indicated that stsdead the basic understanding that viscosity
related to how easily fluid flows, but did not fgainderstand how. Some had the relationship
between viscosity and ease of flow exactly backaa@thers could not distinguish between
density and viscosity. Some common answers abscbsity were along the lines of:

“The friction between the molecules within the @i

“The ease with which a liquid flows.”

“The thickness or density of the fluid.”

“Viscosity is the resistance to flow.”

“Viscosity is the property of a fluid that descriéne cohesiveness (stickiness?).”
These answers illustrate that it can still be diffi to really get at the details of a student’s
understanding even with answers in their own wolifels: example, it could be that a student
answering that viscosity is a measure of easeouf ftuly understands that it is a measure of
resistance to flow instead but chose their worgliagrly, or maybe they really think that fluids
with higher viscosities will flow more easily. Hea clicker question might have had “ease of
flow” and “resistance to flow” both as options vitich case the student would realize there is a
difference and have to choose one (that is, asguthey realized one of those was a better
answer than other choices such as “density” ockitess”). Or, if the possible answers included
only “resistance to flow” along with other moretitist and incorrect choices, a student thinking
it was “ease of flow” would be pigeon-holed intcsarering something else, and the true
misunderstanding would be more difficult, or everpossible, to glean.

In this particular case, to get at the distincti@iween ease of and resistance to flow, the third
guestion was asked. Having “Explain.” at the ehdroopen question like this requires the
students to think things through carefully enougfustify an answer and also allows for deeper
understanding by the instructor of the studentsiking. Answers to the third question showed
more confusion and misunderstanding, badause of the students’ opportunity to explain in
their own wordsthese answers indicated to the instructor whetifpally was misunderstood
and suggested how to help the students better stadelrthe concepts. For example, one student
said, “a) | would expect that as temperature irggeascosity increase (sic.). (think of warming
up honey) and b) | would expect gas phase visctsitycrease with increasing temperature.”
From this response, especially given the exampleaoming up honey, it is clear that the
student thinks of viscosity as a measure of eaflewfas opposed to resistance to flow.
Furthermore, notice that the student had the coamswer (that gas phase viscosity tends to
increase with increasing temperature) but apparémtithe wrong reasor i.e., that a gas and a
liquid would behave similarly, as most studentsestan answering this question. The student
had two misunderstandings that canceled out anddWww@aye led to a correct answer on a clicker
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guestion about whether gas phase viscosity tena€itease or decrease with temperature.
Several responses to this question were simildradollowing one: “I would expect liquid
viscosity to decrease with increasing temperatecabse as molecules in the liquid move faster
due to increasing temperature, they can slideqast other easier. The same would be

expected for gases.” Students providing such resggseem to properly understand the concept

of what viscosity is, but they don’t understand hbws affected by the orders of magnitude
difference in density between phases.

Reading these responses and learning specifichléf misunderstandings there were and what
was leading to them, the instructor came up witlemonstration on-the-fly to correctly illustrate
the concepts. She asked for volunteers from #esdb be molecules. She had them first be a
liquid. They grouped close together and tried tiwerandomly around. She “applied a shear
force” by gently pushing one side of the group.e Btudents found they were running into each
other a lot and had a relatively difficult timedfling.” She asked the class as a whole if the
fluid group’s viscosity was high or low in thissdtion. Most of the class had correctly
understood that viscosity measured resistanceig 80 with group discussion they came to the
consensus that the viscosity was high. Next,nb&uctor told the “molecules” they were now
hotter, and they moved around faster and foundsiee to “flow” when pushed. She asked if the
viscosity had gone up or down. Now that the clas$eustood what viscosity is, there was
complete agreement that it had gone down. Them#tructor told them to be a gas, and they
moved much further apart, again still moving arowmadomly as they had finite temperature.
Here she pointed out that they had just greatlyedesed their density, and asked the class to
discuss the difference between density and viscoSihe again applied a shear force, and they
“flowed” with ease. Finally, the instructor tolde “molecules” they were even hotter, so they
moved around even faster. They found, to theiatgsarprise, that they actually ran into each
other more, and therefore found it more difficoltiow” (i.e., their viscosity had increased).
From this exercise, the students learned the difiee between density and viscosity, that both
liquids and gases are fluids, that viscosity isemsure of resistance to flow, what a shear stress
is, and how liquid and gas viscosities vary witmperature (and more importantiyhy!). It is
difficult to imagine what series of clicker questsowould have led to the same level of
understanding on the instructor’s part, of the stus’ misunderstandings, to suggest such an
exercise.

In order to strengthen the partnership betweemuasirs and students in the learning process, a
new feature has been recently addebhk&urveyto further engage the teacher as student
responses are received. To use the sorting fedh@énstructor first uses the “Admin” page of
InkSurveyto view the student responses for a particulastjiuie (even if none have yet been
received). By selecting “Manage Bins for Questjdtise instructor can then establish and label
bins tailored for that question. As each bin tslekshed, there is also a check-box for
“exclusive.” If this is selected, each respongeded to that bin will be placed only in that bin;
if it is not selected, a particular response caplbeed in multiple bins. Although there may be
other applications for which this is useful, itissigned to allow the instructor to set up a
“display” bin of student responses to subsequesittyw (anonymously) to the entire class for
discussion. The responses in the display bin, mvould not be marked as exclusive, could
also be sorted into other bins. In this way, tieructor can quickly pull together in the display
bin responses that are exemplars, that show conmmsgonceptions, and/or that demonstrate
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novel solutions; these can serve as the framevasrkdh discussions in building and refining
student understanding.

@ | _ o x
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Fig. 1InkSurveyshowing the instructor’'s page, with the sortingdea. The thumbnails on the

left show all unsorted responses submitted updartoment this display was captured (clearly
visible in the actual display). In this case, ith&ructor has set up 3 possible bins to
accommodate responses: right (into which 1 respbas already been placed), wrong (into
which 2 responses have been placed), and a tmrd/tiere the instructor can place responses to
share anonymously with the class (each respongsimon-exclusive bin can also
simultaneously be in either of the other 2 bins).

We have found that when instructors use the soféature as student responses are received in
class, they become much more actively engagedthdtihesponses and feel better prepared to
respond in a meaningful way.

Applicationsin Engineering Education

InkSurveyhas been used to facilitate real-time formativseasment in a variety of engineering
classrooms. Strong learning gains have been dadché an advanced undergraduate
engineering physics course that uggdsurveyin this manner; furthermore, those learning gains
are not correlated to the learning styles of theets:® Similarly, strong gains were reported
whenlInkSurveywas used to strengthen problem-solving skillsnrmdvanced undergraduate
engineering cours€.n upper-level undergraduate Chemical Engineeriagses|nkSurvess
real-time formative assessment has been effectoaipled with interactive computer
simulations to achieve strong learning g&thin an introductory engineering design coatses
well as both undergraduate and graduate level Emgiheering coursed InkSurveyhas been
successfully employed as part of a larger effortrtplement the “How People Learn”
framework.
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Since real-time formative assessment collected lkBurveyis blind to gender, personality
biases, and other stereotypes, it is proving ta particularly effective tool in group and
cooperative learning environments. For examplea# served well as the platform for
“electronic brainstorming,” where students can amaously submit ideas to be discussed by the
group. When no one is aware of the source of acpdar idea, it is easier to focus on the merits
of that idea. This also opens the door to additiapalications in non-academic settings as well.

The real-time formative assessment facilitatedinipurveyalso has potential benefits in
engineering education outside of the traditionasstoom as well. For example, students could
complete a homework assignment outside of classrerdshortly before class begins, use their
own devices to respond to a question posed byn8teuctor to probe understanding or identify
muddiest points to inform subsequent instructidhis allows simple implementation of the
spirit of Just-in-Time Teaching (JiTTjwithout the need for separate software for its
management. SimilarlynkSurveycould be used as a tool for gathering real-tinmenédive
assessment in the distance-learning environmedatyiag the instructor to be more responsive
to student needs during the learning process.

Conclusions

Engineering students equipped with affordable neobidmputing devices such as pen-enabled
Android devices, iPads, iPhones and/or tablet R@ause digital ink to reveal their thinking
during the learning process. As the instructoeness this real-time glimpse into student
understanding, instruction can be modified to meficorrect, or reinforce that understanding.

InkSurveyis free, web-based software designed specifi¢aflgollecting real-time formative
assessment (ticc.mines.edu). Recent improvementsrhade it more fully functional on a
greater variety of devices and more user-friendhbibth instructors and students. More versatile
grouping and displaying of responses increaserdassutility. Since it is entirely web-based,
there is no need for (or advantage to) all studenésclassroom having the same hardware; they
could, in fact, use their own mobile devices.

The use ofnkSurveyto facilitate real-time formative assessment isgpexplored in

engineering education. Previous publications dbeedricreased learning gains and improved
problem-solving skills whemkSurveyis used in the classroom, and enhanced learning ga
when coupled with computer simulations. Classrexamples and results presented here reflect
student metacognition, how student thinking charuyes time, and changes in instructor
responses and approaches to learnimgsurveyis also potentially useful outside of the
classroom and in non-traditional settings, inclgdimstance and group learning environments.
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