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Are Solution Manuals Detrimental to Student Learning?

Abstract

Homework has traditionally been the essential pagtudent learning, especially in engineering
education. However, the availability of solutionnmals has affected this, as it now takes just a
few minutes to find solutions for specific homewgskoblems on the internet. There are a
number of papers reporting the effects of solutimanuals on students’ learning. Some of these
reports argue that the availability of solution mals has adversely affected student learning.
Yet, there are two subjects in this area that hastebeen emphasized: students’ perspectives
toward solution manuals and the best options fstruictors. Two surveys, one for students and
one for faculty, were designed and submitted tortfenbers of the College of Engineering,
Mathematics and Science at the University of WisaoiPlatteville. A total of 337 responses
from students and 37 responses from faculty weceived. According to the results of the
collected survey, the majority of respondents belithat solution manuals help them to be more
motivated, learn at a deeper level, and earn bgtstes. Faculty survey results also show that
solution manuals can be helpful if they are usexperly. This paper describes the results of the
data collection.

Introduction

Homework is an essential part of learning in engiimg education. Most engineering faculty
and students believe that just attending the lestis not enough for students to master the
material, thus homework and projects are assignebetp student learnifigWalberg et al.
reported that homework has substantial effectstattesits’ learningy They stated that assigning
homework increases student learning by 10% and ithassigned homework is graded and
proper feedback is provided, student learning imgsoby 30%. Engineering students and
faculty both believe that graded homework conteisub student learnifig

In recent years, the availability of homework simng has been a major concern in engineering
educatiof*>® The use of solution manuals among students ftasdsed from a few percent to
more than 90% over last ten yéard/idmann et al. stated that engineering studesash a
higher level of academic achievement if they dous® solution manualsThis conclusion was
based on homework and exam scores where scoreshigdrer when students did not have
access to solution manuals.
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In 2011, Karimi et al. investigated the effects smflution manuals on student learning by
comparing grade distributions in thermodynamicsrees. They reported that the percentage of
students who earn lower grades (D, F, and W) imntbdynamics courses increases when
students have access to solution mafiuals

Though there are a number of reports concerningtiegeffects of solution manuals on student
learning, there are few reports which emphasizepthative effects. For example, Georgieva
proposed a new method of teaching undergraduatbematics in which the students are
allowed free access to the complete solution manughe philosophy behind this approach is
that homework should be used as an opportunitystiedlents to practice and gain knowledge.
Georgieva reported that the majority of studentghair program did not use solution manuals
for blind copying. All students in the classes ioyed their tests scores significantly and a
remarkable increase in the students’ motivatiorbsiaterests was observed.

It also has been reported that if solution manaatsmade available to students, they are less
discouraged and intimidated by probl&m# not misused, solution manuals are a helpful
resource that is available to students anywhergtia@, without having to ask for iWith
solution manuals available, students worked on npooblems, both assigned and unassigned.
Both paper§® report that some predicted negative consequesaeh, as less learning, copying
without trying, etc., either did not happen or seregligible in comparison to the positive
consequences.

Minichiello et al. replicated the study originallone by Widmann to clarify the nature of the
inconsistency between engineering students andtyacpinions regarding the use of solution
manual$. Their results show that the majority of studargs solution manuals after they tried to
solve assigned homework on their own. This papsersaio describe faculty and students’
perspectives regarding solution manuals.

Methods

1. Sample Selection and Demographics

The College of Engineering, Mathematics and ScigidéS) at the University of Wisconsin-

Platteville, with an enrollment of over 2500 anap150 faculty and teaching staff, is one of the
largest colleges across the state of Wisconsin. Tbkege consists of nine academic
departments: electrical engineering, civil andiemmental engineering, chemistry, computer
science and software engineering, engineering physjeneral engineering, mathematics,
mechanical engineering, and industrial engineerifitne College of EMS offers ABET-

accredited engineering degrees in civil, electriemvironmental, industrial, mechanical, and
software engineering, as well as engineering pbysihe college also offers degrees in
mathematics, broad field science, chemistry, commpstience, microsystems and nanomaterials,
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sustainable and renewable energy systems. We didatiect any demographic characteristics
such as race, sex, age, year at school, etc.

2. Survey Instrument and Respondents

Two electronic surveys were created using www.symankey.com: one was submitted to
students across the college and one to the EM$%tyaanud teaching staff. The survey instrument
was kept direct and brief since no effort was mtadselect potentially cooperative respondents
and no compensation was paid for their participatib was designed to be completed in less
than 15 minutes. The student survey included sittiphel choice questions and the faculty
survey consisted of three. A combination of Likecale and open-ended formats was used so
that the respondents’ answers could be readily sanmed statistically without being overly
constrained. All questions on the students’ sup@sented multiple choices and accepted only
one answer with the exception of question 1, inclwithey were able to select more than one
answer. A comment box was also added to both sarveye questions are shown in Tables 1
and 2.

Before sending the surveys to students and facatyroval was obtained from the Institutional
Review Board at the University of Wisconsin — Rdgiile to secure the participants’ rights. A
link to the survey and a consent form were emaibethe all students and faculty of the college
through their department offices. The purpose efdbnsent form was to explain the research,
describe how the confidentiality of participant wabibe protected, and to inform respondents
that their participation was completely voluntad. total of 334 students and 37 faculty
responded to the survey. We do not know how mamgesits and faculty received the surveys
and/or were able to respond to them, as the data walected during the week before final
exams (Dec 9-18, 2014). The responses were callestenymously and electronically using
www.surveymonkey.com. Considering that there wece direct prizes or benefits to the
participants, we believe that the research topineghremarkable interest among students and
faculty. Assuming all students and faculty in tieege received and were able to respond to the
surveys, 14% of students and 34% of faculty respdrid the questionnaires; furthermore, many
of participants provided comments in the providedce on the survey.

Results and Discussion

A. Results from student’ survey
Why do students use solution manualsAccording to the survey, using solution manuals
seems very popular among engineering and scienaierdgs since only about 2% of the
participants indicated that they had not used th&ithough most students’ intentions is to use
solution manuals to confirm their answers to homévaw to learn solution processes by reading
the author's approach, about half of students wggosolution manuals try to gain full credit for
their homework by copying answers to problemsatt be concluded from students’ comments
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and the data presented in Figure 1 that studemststiy problems themselves but at the end they

write correct answers to their homework.

Table 1. Student survey questions

Student survey

» Confirming answers to homework or practice problems
1. | have used a solution manual for: » Copying answers to homework for full credit
(you may choose more than one » Learning solution processes by reading the authppsoach
answer) » | have not used a solution manual!
2. How did you do in a class where » 1 did well without a solution manual and withouttside help.
you did not have access to/did not us » 1 did well because | got outside help such asar tort study group
a solution manual? » 1 did okay without a solution manual.
» 1 did poorly without a solution manual.
» Both my grade and my learning
3. Use of a solution manual aided... » My grade but not my learning
» My learning but not my grade
» Neither my grade nor my learning
» They're helpful
4. Overall, how do you think solution » They're hurtful
manuals affect student learning? » Depends on the course and instructor
» No effect.
5. If I could decide how homework » Problems come from (Textbook, Unknown sourcestrilictor’s
was assigned and graded, written)
» Problems are graded (Always, Never, Sometimes)
» Solutions available? ( Yes, No, After homeworkushed in)
6. Do you think it is ethical for » Yes
students to use solution manuals? » Yes, but only if it is used for learning and nattjgopying
> No
» | don't know
Comments
Table 2. Faculty survey questions
Faculty survey
1. Use of solution manuals has a > Strongly Agree
damaging effect on student learning. > Agree
» Neither agree nor disagree
» Disagree
» Strongly disagree
» Sometimes
2. What is the best method to optimiz » Do not assigh homework
student learning with the knowledge » Assign homework but do not collect/grade much ahitis
that they have access to solution lowering homework's effect on student grades
manuals? » Create custom-made homework so students can neblg#on
manuals.
» Others: comment box to enter
3. Do you use the "best method" that » Yes
you chose above in your classroom?, » No
» Sometimes

Comments
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homework or full credit reading the
practice problems author's approach

Figure 1. Students motivation vs % of respondents

How did students do in a class where they did notave access to/did not use a solution
manual? The results as shown in Figure 2 indicate thatesttedadapt themselves to the class
when they do not have access to solution manubksy Till any gap in their learning by forming
study groups, seeking outside help, or visitingifigcmore often. Despite this, students do better
in classes where homework is assigned from thédekxt and graded with access to solution
manuals.

45%
40%
35%
30% -
25% -
20% -
15% -
10% -
5% -

0% | , , I

| did well - | did well - | did okay - I did poorly

without a because | without a without a
solution got outside solution solution
manual and help such as manual. manual.
without a tutor or
outside help. study group.

Figure 2. Students’ performance to the class whertfey did not use solution manuals vs % of respondés

Do solution manuals aid student learning or only hi@ them to get a better grade?The
majority of respondents believe that solution mdswmaded both their learning and grades.
Students believe that the path to answers is irapbend that solution manuals are instrumental
in understanding the problem-solving process. Mahyhem commented that faculty do not
have time to cover all the details in lectures hade limited office hours, therefore the only help
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that is available to them at any time is step lep Solution to the problems. Students’ comments
also show that they come to understanding that ingpthe answers will help neither their
learning nor their grades, so they should try ttodem first.
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Both my grade My grade but notMy learning but Neither my grade
and my learning my learning not my grade nor my learning

Figure 3. Students’ response to effects of solutiananuals on student learning and grade

How do students think solution manuals affect theirlearning? Only 1% of respondents
indicated that solution manuals are detrimentahtor learning as indicated by Figure 4. The
majority of students strongly believe that problgoiutions are useful tools or at least understand
that abusing solution manuals can hurt their legynAs students indicated in their comments,
the answer to this question depends on both stsderd instructor. The authors believe that
instructors have the chance to turn solution manim&b advantageous tools.

60%
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40%
30%
20%
10%
0% . T . )
They're They're Depends on No effect
helpful hurtful the course
and
instructor

Figure 4. Students’ opinions toward solution manua

What are the students’ preferences toward homeworkThe majority of student respondents
prefer that homework be assigned from the textb@dko) or written by the instructor (19%).

They also prefer that homework be always grade&oj6@r at least sometimes graded (34%).
Most students would like the solution manuals toavailable (68%) or be available after
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homework turned in (30%), as seen in Table 3. Thesdts show that students want, at the very
least, to be able to check their homework answaidshave them graded often.

Table 3. Students’ preferences toward homework

| would prefer that...

Textbook Unknown Instructor's written —
Problems are assigned from..| 74.23% 7.22% 18.56%
| would prefer that...

Always Sometimes- | Never
Problems are........ graded 62.00% 34.00% 4.00%
| would prefer that...

Yes No After homework

is turned in

Solutions available? 68.00% 2.00% 30.00%

Is it ethical for students to use solution manuals®ome faculty believe that the use of solution
manuals before turning in homework is a type ofating. In contrast, students believe that this
use is only cheating if they just copy the answiersfull credit. The main reason for this

inconsistency is that students think of homeworkaakearning tool while some faculty use
homework as an assessment tool. In the authomsiomyg, homework is really both a learning

and assessment tool and should be viewed this wdyoth students and faculty. The authors
also believe that students have a good understgndiat would be considered cheating when it
comes to homework. Figure 5 exhibits studentgpeases to this question.
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Sl — | | | | | |
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for learning
and not just
copying

Figure 5. Percentage of respondents’ answer to tlggiestion: Is it ethical for students to use solutio manuals?
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B. Results from faculty survey

Use of solution manuals has a damaging effect orugent learning.

As indicated in literature, faculty traditionallyeleeve that solution manuals have a damaging
effect on student learning and use of solution mlmnis a type of cheating. The results of this
survey question indicate that faculty have acceftedfact that problem solutions are available
and students can easily access them. The focusvaw to make the best of the situation and
look at solution manuals as a learning tool. AsuFeg6 indicates, there is no strong opinion
regarding the possible damaging effects of soluti@muals on student learning among faculty.

35%

30%

25%

20%

15% -
10% -
. I

Strongly Agree  Neither agree Disagree Strongly sometimes
Agree nor disagree disagree

Figure 6. Faculty’s opinion toward possible damagig effects of solution manuals on student learning

Faculty still believe that homework is an esserpeit of learning for engineering and science
students. Less than 4% of faculty suggested thatude of homework should be eliminated
because students have the solution. Most faculipamdents (67%) create their own custom
homework so that students cannot use solution n&nuihis method is effective but requires
significant amount of faculty time, and after a plau of semesters the solutions will be
distributed among students if instructors post sleéutions or solve the questions in class.
Another approach is to assign homework but notecblbr grade much of it, thus lowering
homework's weight in the overall grade (30%). Doddculty workload, only 65% of faculty
apply their self-described best method of practice.
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Figure 7. Faculty response to question: What is thbest method to optimize student learning with thénowledge that they
have access to solution manuals?
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Figure 8. Faculty response to the question: Do yause the "best method" that you chose above in youwlassroom?

C. Randomly selected student and faculty comments

More than half of student respondents (175 out3#)3eft comments in the comment box. A
random selection of their comments can be founthéappendix section of this paper. The
comments were copied directly without any editingtbe authors. Less than half of faculty
respondents (15 out of 37) also left commentsencttmment box. The selected comments are in
the Appendix.
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Conclusions

The main objective of this paper is to present daga and leave the conclusion to readers.
However, the authors would like to express thenspeal experience regarding the availability
of solution manuals:

* Not assigning homework has more damaging effectstodent learning than solution
manuals.

 Homework should be considered as a learning todl ineffects on students’ grades
should be minimized assuming students are ablefy answers for gaining full credits.

* As students indicated, problem solutions can bg kelpful if they are used properly.

* If instructors allow their students to use solutiomanuals, the students are less
intimidated by problems and more motivated to aseilty office hours efficiently.

» Solution manuals could potentially have damaginigot$ on student learning, if the
student does not spend enough time to solve agroblherefore, the effective use of a
solution manual should be taught in the class.

The authors acknowledge that respondents in a guwmesuch a controversial topic have the
potential to be skewed. Further research of simkture with larger focus groups should be
conducted to negate any student biases presemtieys.
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Appendix
Student comments

“Solution manuals are not helpful at all if studejust copy the answers. | have used solutions alamund it has helped me out
a lot. | use them to double check my answers akasghe way that | get to my answer. It helpssiaforce ideas as well as
double check for simple mistakes. It is also hdlgfyou are stuck on a problem and just need figout where to get started and
not see the whole solution.”

“1f 1 do not know how to approach a problem it helg=en | take a look at a solution manual to gethenright track. | think if |
only see the right way to do a problem and theepatthey take, | am less likely to remember dbétwrong way next time.”

“Depending on the solution manual and the proviaesivers in it they sometimes can't assist in taiag process. | like doing
problems than referring back to the solution toficonanswers and help master a skill. Poor teacfriog lecture also plays a
factor. Students learn material from the solutieanmals.™ | do not advocate direct copying from a solutioremal, but do feel
that | would not be here without either a tutoe$phor the use of a solutions manual.”

“In my experience, the temptation to just copy ig/\strong with solutions manuals, but for me they extremely helpful. |

have only used one solution manual for a difficldiss, and | found that ( as long as | had thetwitlt least attempt the problem
myself first ) | was able to learn the correct m®sfor solving each problem and remember it mettebbecause | could
instantly correct my thinking processes. If you esesidering supplying manuals for homework, | khiinwould be most
effective to supply a complete solution includiredotilations for approximately half of the assighetnework problems, but not
all.”

“Manuals definitely help for a tough problem or whgou're stuck. Office hours are not always contpativith a student's
schedule. Homework is generally not a significasttipn of your grade, so if you're using the martoglist copy answers, it
usually shows on the exams. | use manuals to viwdugh problems and understand how they're being,dts an individual
and convenient way to learn.”

“| believe that solution manuals give the studéetability to check each step that they do on alpm. A young students
confidence is not always at a high after being atige material in class. Solution manuals helghat regard. For others it may
do more harm than good. It really is a case bytin”

“I have done very well at Platteville as a studsith and without a solution manual. However, | hévael much more frustration
in classes trying to complete homework that | dbaite the answers for. | think that for homeworisveers should always be
given, but it is okay to hide the solutions unfttathe homework is graded. This way the studeot¥s that he is right if he can
get the answer, but still has to show his workebagedit. | really believe that it comes downhe tnstructor. If he is good at
knowing his course and his students, he will kndvemwhe should provide solutions, when to providenans, and when to
make the students do the work without and indicatibwhether or not they are correct.”

“Let me use thermodynamics as an example sakddCbave done the course without a solution mah@artainly. Would it
have really sucked? YES. Does a solution manual inel learn the topics faster and more effectivglgédtting me started in
setting up and understanding equations? YES. Tdrera lot of problems in that course where yougetrstuck by missing
something very simple. Tutors and Instructors warely available to help at the times | was workémgthese assignments, so
that's where the solution manuals come in handgfeyence.. In regards to people copying it diyeitlturn in as a full credit
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assignment, | do not find that right, but guess wehgoing to be the ones doing poorly on exams? ylemssed it, the ones who
copied directly from the solutions manual.. If yonpy material directly for homework to avoid leargiand studying it, you will
pay for it in your grade eventually. With how enggming professors typically have their grade pesggas allotted, if you don't
do well on exams (even if you ACE the homework froopying) you typically wont pass the course.”

“l have used solution manuals many times. If yoa tliem intelligently they can be very helpful. A & the time students are
working on homework at night when instructors avéavailable so there is no way to get help if getistuck. | agree that if
you just copy the steps and answers you are hwtogself assuming you don't go back and attemfsam the material later. |
did that in my sophomore year and it did hurt mewNhough | attempt the problem and when | getlstuaheck the solution to
see what step | need to take next then continuayoawn. A lot of times you simply run out of time attempt to do every
single problem on your own. College cannot corfigturely school work, people would go insane and @p hating it all. | feel
some instructors do not understand this and thelat we take multiple courses at once.”

“The real problem with solutions manuals is thatisnts tend to abuse it. In all honesty, havingstietions to the problems is
the most effective way to assign homework, in miynmm. This allows the students to check the answaed the professor to
collect and verify that the students did it. Thewers should always be correct but when learniagehl benefit is not from the
destination but the path to get there. That is wisetutions manuals come in handy for those whavmaw to use them
effectively and not just copy the solution as sholfzhresort to a manual, usually | will be stundpiErst. When | do, | quit that
homework and move on to something else now thabiwkhow to complete that problem and the procetger come back to it
tomorrow and try to reapply the solution method effywithout it. So in this case, the manual is diyrgpreference. Homework
is there to help the students and should be a $raation of a grade, it is something that is mimreour benefit, so to know how
to do it is more valuable than trying and getting process wrong only to find out once the homevrkturned, what does one
learn? Especially for those like me who find enjeyrnin trying to deceiver the manual every onca while because the author
isn’t always clear cut. It is almost an essentat pf my learning process now. | could go on faysl sorry for the long reply. “

Faculty comments:
“Use custom-made homework in combination with arelquizzes that are automatically graded”

“Some students use solution manuals to copy hontesalutions so they do not have to work the prolsi¢nemselves. This is
poor use of the manuals. Others use the manualderstand the solutions to problems after they Inaage their best effort on
the problems. This is good use of the manualsvé had students in both categories in my classes.”

“Let them practice with the textbook problems (aotutions manual). TEACH them how to study and sgroblems. SHOW
them that looking at the answers first is ineffeeti

“Some students use solution manuals as a studp#ier students copy the solution manual. Studéatsuse solution manuals
incorrectly do poorly on the exams.”

“I don't have solution manuals to things that ligis$or homework. So this is not a problem. | ceeatistom assignments. But
usually homework and quizzes count for 15-20% efdaburse grade.”

“When you have mediocre students and below pomgldlie program, and when such students use solugoials, it is a
recipe for disaster. | have no sympathies andHaiin outright. Over the years, the number of Aminclass is less than 3%,
around 50% flunk (D's and F's), and the rest atevinC's.”

“I create problems in D2L that have randomized tspUihis challenges the students since they capit from each other,
either.”

“If students take the learning seriously, theyagreat advantage to have the equations fully vebdg. However, if students
are just doing it to get it done, it is not useful.

“l also advocate mixing up homework (and | use thethod) where about 70% of a given homework asségt is custom-
made and 30% is from a textbook whose solutionsuadathey have. It ensures they receive direct qudidan the latter but then
have to apply taught concepts to solve the former.”

“Increasingly, students rely heavily on resouraasiuals, previous exams, or other students--tdetrément of their own
learning. Many do not even realize that they aréTNi® fact, learning but believe that, because tteyfind it on line or
someone in their study group does understand thieogh¢hat they, too, are competent. It's alwayskedrand been rewarded.
Some get quite upset if the game is changed.”
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“Students must practice problem solving in ordeleton the material. Too many students will notesslit directly, explicitly,
contributes to their course grade and even thdhtake the path which maximizes their grade whili@imizing their effort.”

“A student that do not independently solved proldemthout consulting the solution manual is selfiaded, building his

knowledge of the subject on quicksand that wiltaiety crumble when he is faced with exam questinotstailored similar to
the solution he copied.”

“Solution manuals can be a valuable resource tesits if used appropriately. | used them as a studeat did the homework
first then used it to check. Students who just dopsn the manual are plagiarizing and decreasieg tipportunities to learn.”

“As an instructor, it is my responsibility to brirsgudents out of the comfort zone. When adminisgetiie homework with
solution manual, students are kept in the comfonezthereby hindering the learning process.”

“assign plenty of problems with answers so theyfaahtheir way using the answers. have other gnuisl and quizzes without
answers that count as grades. both these scenaridse used with online homework and D2L"
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