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1 BACKGROUND

During academic year 07/08, Hedley Freake andabdith Kloeblen carried out a
survey of coverage of CA3 learning goals in 9 cesirand Scott Brown also put together
a student self-efficacy instrument. With slight nfmétions by Scott Brown and Annelie
Skoog in 2009, the student self-efficacy instrumenas used pre- and post-course in
spring 2009 as an on-line quiz. A very large datwgas collected, which was only
partially analyzed during spring/early summer 2009.

The conclusions and recommendations from the g®2009 assessment report
included recommended changes to the self-efficasyument, a more in-depth study of
negative student responses to laboratory sectioq@ementation of a student-learning
survey during spring 2010 and reporting of the ltssfrom the survey during a
workshop. Two main topics were addressed in théengp2010 assessment: further
evaluation of the large data set on student sétfeefy from spring 2009 and
implementation of a survey on actual student-leani

2 ASSESSMENT OF ACTUAL STUDENT LEARNING

21 Methods
2.1.1 Assessment participation

The focus group for the request to participatehim 2010 survey was the same
group of faculty participating in the self-effica@ssessment in 2009. The survey on
actual student-learning was met with enthusiasmnwhevas first brought up in spring
2009. However, the actual participation in the syrin 2010 was very low, and it is not
quite clear why. The courses participating in thesessment were: GEOG2300,
MARN1002, MARN1003, and PSYCH1100, with enrolimenfs108, 81, 37 and 276,
respectively.

The survey was proposed to be part of the finalreas questions written by each
faculty member and geared towards their specifpctolt is possible that the faculty
found the actual writing of these questions to bebstacle. A potential reason may be
that the learning outcomes are somewhat uncleas.pidtential problem will be assessed
at a workshop fall 2010.

2.1.2 Assessment methods
2.1.2.1 GEOG2300

The faculty member teaching GEOG2300 assessedirigagoals 1, 2, and 3
(Table 1) as part of a multiple-choice, comprehendinal. In this course, the final is
optional - students wishing to improve their cougsade can take the final, no one else
has to. When asked how many students actually tio®Kinal, the faculty member was
unsure. When calculating averages, the highest auwfbcorrect answers on a question
(53) was used as the number of students takinfjrthle
2.1.2.2 MARN1002 and 1003
The faculty member teaching MARN1002 and 1003 diglitearning goal 1 in two parts:
la) Know basic concepts and vocabulary of oceapbgralb) Know the importance of
oceanography for society. These two learning gowdse assessed separately. All



learning goals were assessed as part of a compighefinal using multiple-choice
guestions. Averages were calculated by dividingribmber of correct answers by the
total number of students taking the exam.

2123 PSYCH1100

The faculty member teaching PSYCH1100 providedbtaof data. He went
through all three tests given during the semesdéir fjultiple choice) and assigned
multiple learning goals to each question. The nurnobstudents taking exams 1, 2, and 3
were 276, 263, and 224, respectively. These exasre w&ll given as bubble-sheet,
multiple-choice exams and the exams were correzgattally. When examining the data
closely, it became clear that the system calculatesrage result for a question by
dividing the number of correct answers with the bemof students listing an answer for
the question. Note that this is different from tadculation for averages in GEOG2300,
MARN1002, and MARN1003 where averages were caledlat dividing the number of
correct answers by the number of students takiagxam.

Table 1. Learning goals for content area 3 cour Ses.

Number | Learning goal

1 Know the basic concepts and vocabulary of twasicé science or
technology and the importance of these areas t@mabciety

2 Be familiar with at least two contemporary sdinbr technical methods and
understand how they are applied to gain sciertifitechnical knowledge.

3 Be able to explain the conceptual basis of therfiitic Method , including its

definition, motivation, steps of application, hypesis testing, and
misapplications.

4 Be able to distinguish between science and pseiglie.

5 Be able to describe a scientific experiment ligabr she is familiar with and
explain how it applies the steps of the scienfifiethod.

6 Be familiar with some unresolved scientific qumss.

7 Be able to analyze debates about the roles scmmt technology play in
shaping the world and human society.

8 Acquire skills associated with scientific inquiry

2.2 Resultsand discussion

Interestingly, and perhaps unexpectedly, learouigome 1 had a relatively low
average. This learning outcome incorporates twberatifferent parts - concepts and
vocabulary of a specific field and the importandelos field to society. It seems this
outcome should be relatively easy for studentgesininvolves route learning, which has
been shown to be much easier for students thanatrihinking. Critical thinking would
be incorporated in learning outcomes 4 and 7, whioth had higher results than
learning outcome 1. For MARN1002 and 1003, learrongcome 1 was divided in two
parts: 1la) Know basic concepts and vocabulary afaocgraphy; 1b) Know the
importance of oceanography for society. The reultMARN1002 was 73% and 98%,
respectively, and the result for MARN1003 was 70% 85% respectively. The averages
(85% and 82%) are shown in Fig. 1.
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Figure 1. A. Results fromfinal exams for GEOG2300, MARN1002, and MARN1003. For
PSYCH1100, theresultsare fromthe last exam of the semester. B. Average fraction of
correct answers calculated from course resultsin Fig. 1A. Error bars denote one
standard deviation.

Learning outcome 2 had the lowest average andatigest difference between
courses. The technical understanding seems lowteeiMARN and GEOG courses than
in psychology. It is difficult to speculate about reason, but perhaps the more
technological characteristics of the oceanograptuygeography field make it harder for
students to grasp methods associated with thdds.fie

Another unexpected result is the high scores &ssocwith learning outcomes
pertaining to the scientific method (outcome 3add 5). In the assessment report for AY
07/08, Freake and Kloeblen found that few courséisedly taught the scientific method.
The data presented for 09/10 indicates that stsdeswe a good grasp of the scientific



method. However, since the sample size for 09/1@ig small it can't be said for certain

whether students in general actually have this kedge. From asking students in my
courses (MARN1002 and 1003) | also found that nststients have had exposure to the
scientific method in high school and middle schddiis may support the notion that

most students know of and understand the scientifgthod by the time they have

finished their CA3 course requirement. Howevemday or may not be the result of what

they have learned at UConn.

Data from PSYCH1100 show a very positive trendy(E) - there is a steady
increase in average results for most learning onés as the semester progresses.
However, note that the number of students in PSYITi91ldecreased from 276 to 225
from exam 1 to exam 3. Weaker students droppingtimese could account for some of
the apparent improvement.
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Figure 2. Data from PSYCH1100. n is 276, 263, a@® for exams 1, 2, and 3,
respectively.

2.2.1 Interpretation of learning goals

When attempting to assess the learning goals aopany final in MARN1002
and 1003, | found some learning goals difficuliriterpret. This is a critical flaw, since
one of the most important characteristics of lesgroutcomes is that they should be clear
and_measurablé found some learning goals unclear, some uredlgbals are paired as
one outcome, and some learning goals are redundsarning goal 1 pairs two unrelated
learning outcomes - knowing basic concepts and ludeay of a field is paired with
knowing the importance of a specific field to sagidt is possible that the main point of
the learning outcome is to state that knowledgevofscientific fields is required, i.e. in
order to fulfill the general education requiremeatstudent has to take two science
courses. If so, this could be expressed more gleaearning goal 4 should be part of
learning goal 3 - it makes no sense to have a agpégarning goal on pseudoscience
since the definition of pseudoscience is "knowlédy® based on the scientific method.
Learning goal 5 is simply a misrepresentation & $icientific method - the scientific
method is not applied to omxperiment but to a series of experiments. Ttamiag goal



also seems redundant and should be incorporatédesitning goal 3. Learning goal 7 is
very vague. What does analyzkebates refer to? If "analyzing debates” refers to
differentiating between parts of a debate basedsoience and parts based on
pseudoscience, that has already been coverederpiated learning outcome 8 to mean
that students should be able to use methodology imseceanography. This could refer
to the lab course, but it could also refer to bakitts in math and understanding graphs.

It may not be possible to change the CA3 learoimgomes at this stage, but they
should be discussed as part of the workshop plaforatie fall. For a future assessment
effort it would be useful to clarify what each staent means - this would make it easier
for faculty to incorporate assessment questiortheir exams. I'm assuming there was a
committee responsible for assembling these outc@mést would be interesting to have
one or more committee members be part of the dismuis
2.2.2 How to calculate an average?

How to calculate an average may seem obvious,rbetvaluating the student
learning assessment | learned there are two pbisgil) The average is calculated by
dividing the total number of correct answers whk total number of students taking the
exam or 2) The average is calculated by dividirggtdtal number of correct answers with
the total number of students answering the question

The data given by the system that corrects bubbéet exams is based on an
average calculated from the number of students emsgv the question. This would
always give a higher than or equal average wherpeosa to an average calculated from
the total number of students taking the exam. b d¢bntext of assessment, it can be
argued that by choosing not to answer the questiestudents have shown that they
don't know the answer. In which case the averagelglreflect that the students don't
know. On the other hand, it also frequently happeas students run out of time on an
exam, in which case an unanswered question shatldeninterpreted as the student not
knowing the answer. What to do? This question shqgubbably come up during the
seminar on assessment in the fall.

3 FURTHER EVALUATION OF PRE- AND POST-COURSE STUDENT
SCIENCE SELF-EFFICACY STUDY CARRIED OUT AY 2008/2009

3.1 Datagathering and evaluation methods

Detailed description of methods can be found im&Freport on CA3 assessment
AY 2008/2009" by Annelie Skoog. Briefly, 32 courgeticipated in the on-line survey,
which was delivered pre- and post-course. The suweatained 13 statements (Table 2)
rated on a 5-step scale from strongly disagreee(gav numerical value of 1) to strongly
agree (given a numerical value of 5).

During the assessment effort 2008/2009, all ctdlicata were used. In contrast,
during the further evaluation in 2009/2010, onlyadpoints where the same student had
supplied both pre- and post-course answers weie (demoted paired data in the report
from 2008/2009). Since a paired t-test needs thesaumber of data points in both data
arrays used in the test, if any answer was missomg either assessment, this student's
data was excluded from the evaluation. Employing thiterion resulted in 613 students
used in both the pre- and post-course data arrBysing the assessment effort



2008/2009, there was no difference between avemaigégta from sample sizes of ~1200

students versus ~700, indicating that a sample<siz&)0 students is sufficient.

A student's pre-course rating of a statement wasracted from the post-course
rating. If the resulting value is positive it caa Imterpreted as an improvement in self
efficacy. The average for each statement was thllated. Note that question 11 (see

Table 2) is different - an increase in science s#itacy would result in a negativalue.
Unless otherwise noted, statistically significeafers to a probability < 0.05.

Table 2. Satements used in the pre and post-cour se assessments spring 2009. Satements
11 and 13 were the same in the pre- and post-cour se assessment.

Pre-course: | am confident that | can answer qoleston:
Post-course: After taking a CA3 Course, | am carfidhat | can answer questions on

. Basic concepts and vocabulary taught in thessour

. The methods and technologies utilized by s@&nitn the discipline

. The application of the Scientific Method

. The difference between science and pseudoscience

. The conduct of a scientific experiment | am if@nwith

. The identity of unresolved questions in thedfief science

N[OOI WIN -

. How science impacts society

8. Pre-course: | am confident that | can apply mersce knowledge to events
everyday life

Post-course: After taking a CA3 Course, | am caaritdthat | can apply my scien
knowledge to events in everyday life

in

O
(¢}

9. Pre-course: By taking a lab course, | will imgrany practical science skills
Post-course: By taking a lab course, | improvedpmagctical science skills

10. Pre-course: | like science
Post-course: | like science more after taking a CA8rse

11. | find it difficult to understand current scidit events in the news

12. Pre-course: | am interested in science
Post-course: After taking this CA3 Course, | am enoterested in science

13. | will likely seek out more information aboutience through (check all th

apply)
_ Another course__ Internet_ News/ Media_Other: willlnot seek out more informatio

Tested hypotheses include:

* Low-enrollment courses give larger improvements average science self-

efficacy than high-enrollment courses.

* Female students in low-enroliment courses haveefairgprovement in average

self-efficacy results than male students in lowedintent courses.

» Students with high GPA have higher average seitatf results than students

with low GPA.

» Students with low GPA have a larger improvemeravarage self-efficacy results

than students with high GPA.



3.2 Resultsand discussion
3.21 General trendsin paired data

Last year, we found that students were fairly mft about their science skills
even before taking courses, evidenced by the laugeber of responses with averages
close to 4, that is, a verbal response of “agré&ired data (Fig. 3) gave statistically
significant improvements (paired t-test for meamsly for statement 2, 4, and 6, and the
improvements were very small. Actual numbers fa itnprovements were 0.13, 0.32,
and 0.11, corresponding to 2.5%, 6.4%, 2.1%, res@de.

Disappointingly, students did not find that takiagaboratory course improved
their practical science skills (statement 9, Fig.rbr had the courses improved like of
(statement 10) or interest in (statement 12) seie@milarly, when using pooled data
last year, the same statements had significanerdifces (two-tailed t-test, equal
variances), and the direction of change was alscdme.
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Figure 3. Averages in differences between post- and pre-course statements using all
paired data. With exception of statement 11, a positive value would indicate a perceived
improvement. Labels on x-axis refer to statements 1-12 in table 1. Asterisks denote
statistically significant differences between pre and post-course results. N is 613 for both
the pre- and post-cour se assessment.

3.22 Gender differences

Gender differences were analyzed using paired filata 283 females and 329
males. When using paired data, statement 1 hadotiye statistically significant
difference between female and male students (dattgshown) - male students felt they
had improved their knowledge of concepts and voleaipy an average of 1% by taking
the course, while, on average, female studentsatigherceive any improvement.

When using all data last year, male students (02) Avere slightly more
confident (two-tailed t-test) than female studefrts 668) in their pre-course science
ability in 6 out of 12 areas (2, 4, 6, 7, 10, arid. IThe results from the paired data



reported above indicate there was none or a vergllsmprovement by taking the
course. In contrast, the post-course analysis ofeplodata showed that the difference
between males and females decreased; post-cousade,students (n=520) were more
confident than female students (n=494) in only,36( and 9) out of 12 areas (two-tailed
t-test). Therefore, it appears that the no-chang®ied by the paired data does not agree
with the analysis of the pooled post-course datawévVer, the differences calculated
from the pooled data are small, and it is likelgttthe smaller number of paired data had
insufficient statistical power to detect this snaihnge.
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Figure 4. Effect of class size on perceived improvement in science knowledge. Labels on
x-axis refer to statements 1-12 in table 1. The 50-100 students class size is significantly
different fromall other class sizes for statements 1, 2, 6, 7, 8, 10, and 12.

3.2.3 Effect of classsize

There was no clear overall pattern in the efféatiass size (Fig. 4). Courses with
50-100 students were significantly different frothadher class sizes for statements 1, 2,
6, 7, 8, 10, and 12. However, this subgroup coegistf only two courses, and the
difference may be a result of characteristics othan class size.
3.24 Connection between science self efficacy and grade point average

Interesting trends emerged when data was evaluateohs based on GPA (Fig.
5). GPA including spring 2009 for individual studerwas retrieved from Peoplesoft.
Before taking a CA3 course, like of (statement 48 interest in (statement 12) science
was significantly correlated (p<0.05) with GPA. @dation coefficients were 0.91 and
0.89, respectively, indicating that GPA can expB2% and 79% of the variation in how
much students liked and were interested in scieRce:course, none of the other
statements had significant correlations with GPA.
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Figure 5. Pre-course average values for statements 1-12 sorted by GPA. Correlations
between GPA and values for statements 10 and 12 are statistically significant.

After the course, statements 10 and 12 were @ghificantly correlated with
GPA with correlation coefficients similar to theeptourse data. In addition, statements
3, 4, and 5 were also significantly positively eated with GPA after the course (Fig.
6). It is interesting to note that student evatuadi of science self efficacy were less
correlated with GPA before the course than afterdburse, and an interpretation of that
change is not self evident.
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Figure 6. Average values for statements 1-12 post-course sorted by GPA. Correlations
between GPA and values for statements 3, 4, 5, 10, and 12 are statistically significant.

Disappointingly, students with high GPA had highaverage self-efficacy
increases than students with low GPA for stateméntsl, 5, 7, and 12 (Fig. 7).
Apparently, we are not effectively reaching andck#ag science and technology to
students with a low GPA.



Improvement

m1-2
m2-25
2.5-3
m3-35
m35-4

1 -

Figure 7. Improvement in under standing after taking a CA3 course, binned by GPA.

4 CONCLUSIONS

4.1 Assessing actual student learning

Learning goals were somewhat difficult to interpret. In order to make it
easier for faculty to participate in a future assessment of actual student
learning, it would be necessary to make the learning goals easier to
understand. This could be part of the workshop planned for fall 2010.
Participants in this year's assessment of student learning were few, but
despite the low participation rate we learned that assigning learning goals to
questions can be done two ways - each question can assess only one learning
goal or multiple learning goals. This could also be a methodological question
to bring up at the fall work shop.

Results were generally high, with average values of 73% to 96% calculated
from the four participating courses.

Student learning showed the lowest results for learning goal 2, implying that
that understanding technologies and their applications is difficult for
students.

Students appear to have a good grasp of the scientific method and its
applications, which is contrary to the fact that few CA3 courses actively teach
the scientific method. However, note the low participation in this year's
assessment.

PSYCH1100 evaluated a series of three exams, which encouragingly showed
increasing understanding of several learning outcomes as the semester
progressed.



4.2 Student sdf efficacy

* There was no pattern indicating that class size affects improvements in self
efficacy based on paired data.

* There were no statistically significant differences between males and females
in improvements in self efficacy based on paired data. Note that pooled data
indicated that males were more confident in their science abilities than
females before taking a CA3 course. Further, this gender difference in self-
efficacy decreased after taking a CA3 course based on pooled data.

e Students with a high GPA agreed that they liked and were interested in
science (value close to 4) before taking a CA3 course, while students with a
lower GPA were more neutral (average value slightly higher than 3). Note
that an average value slightly higher than 3 still means that the low-GPA
student still stated that he/she is neutral to or slightly interested in and
liking science.

* GPA could explain ~80% of the variation in how well students liked and
were interested in science.

* Students with a high GPA agreed that the CA3 course they took increased
their liking of and interest in science, while students with a lower GPA found
that the CA3 course did not increase their interest in science.

* Students with a high GPA had higher average self-efficacy increases than
students with low GPA for statements 2, 4, 5, 7, and 12. Apparently, we are
not effectively reaching and teaching science and technology to students with
a low GPA.

5 FUTURE WORK

5.1 Fall 2010 workshop

A workshop will be held in fall 2010 as part oktldissemination phase of the
spring 2010 work. The workshop will present theited amount of data from the
student-learning survey with a focus on an intévactdiscussion on how to more
effectively carry out a future survey. The workshstyuld also discuss modifications to
and/or clarifications of the existing CA3 learniggals.

Draft agenda:

* Presentation of results from further evaluation of data from 2008/2009
(very brief)

* Break-out session 1 - groups discuss interpretations of learning outcomes
and comes up with examples of question types that could be used to assess
each learning goal.

* Assembling suggestions from break-out session 1

0 Participation of committee member from CA3 learning goal
committee

Lunch break



* Presentation of results from student learning assessment

* Break-out session 2 - groups discuss efficient ways of carrying out a future
student learning assessment

* Assembling suggestions from break-out session 2

5.2 Assessing actual student learning

Guide lines for future assessments of studennhilegrare expected to be one of
the outcomes of the workshop to be held fall 2010.
5.3 Carryingout arevised student self-efficacy assessment

It was efficient to deliver the assessment on;Iseethis format could be used in
future assessments. However, many of the respovesesdifficult to evaluate. This was
a result of unclear statements. Suggestions foisedvstatements were listed in the
2008/2009 assessment report.

Two additional improvements to a future self-edfig assessment are suggested.
The analysis carried out this year was based oh po#- and post-data delivered by
individual students (paired data), where the nunddgpre and post-course data points
necessarily is the same. Having both pre and pmsise data allows calculation of
improvements for individual students, which is possible with un-paired pre- and post-
course data. When the data was gathered in 2008/20@lents were given extra credit if
they did the on-line survey. The first suggestierthat_students would only be given
extra credit if they complete both the pre- andijposirse assessmantorder to increase
the number of paired data points in a future, exviself-efficacy assessment. Further, it
was concluded last year that ~700 data points iicmurft to evaluate student self-
efficacy assessments. However, this number of gail@a points (read participating
students) is not enough if we wish to sub-divide dlata set to evaluate hypotheses based
on additional criteria. The second suggestion &rdfore to_maximize the number of
participating students to increase statistical powe




